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his report was conducted at the request of the Modular

Building Institute (MBI). It is intended to provide the
membership of MBI and other interested stakeholders with
an overview of how the commercial modular construction
industry’s current practices and products can benefit from an
awareness of the US Green Building Council’s Leadership in
Energy and Environmental Design (LEED™) Building Rating
System. Information in this document represents the author’s
best attempt to align the modular building industry with the
Prerequisite and Credit requirements imbedded in LEED.
The interpretations herein are those of the author and do not
represent any official posture of the US Green Building Council
beyond those contained in the Reference Guide to LEED for
New Construction and Major Renovations, Version 2.2.

It is recognized that modular building units can be a part of any
LEED design and construction effort. This report is limited to
LEED for New Construction and Major Renovations, applied to
commercial construction, and LEED for Schools. The literature
shows there is a growing awareness of the environmental benefits
of modular construction in the residential sector. At this writing
LEED for Homes was emerging from its pilot phase and was
not included for review.

THE VOICE OF COMMERCIAL MODULAR CONSTRUCTION
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Modular Building and the USGBC’s LEED™ Building Rating System

Introduction

he emergence of green building as the
I combination of environmental stew-
ardship and economic opportunity has
served to drive several related construction in-
dustries toward market opportunities provided
by the green building movement. Conversely,
existing industries with products and practices
that resonate with the tenets of sustainable de-
sign and development and green building have
naturally benefited from the increased aware-
ness and market opportunities inherent in this
paradigm shift. The US Green Building Coun-
cil with its Leadership in Energy and Environ-
mental Design (LEED™) building rating system
has assumed a leadership position in the US and
abroad and is serving as the preeminent organi-
zation identified with and instrumental in green
building market transformation. This posture
is underscored by the international adaptation
of LEED as the most popular and best known
third party verified green building rating system
currently in use. Federal, State and local build-
ing construction requirements and development
practices now commonly reference or require
LEED certification. Its influence continues to
grow. In response to market opportunities and
the desire to respond to stakeholder desires to
make LEED more specific to building applica-
tions, LEED has evolved from a single LEED
for New Construction and Major Renovations to
the following family of LEED products:

B LEED for New Construction and Major
Renovations
LEED for Commercial Interiors
LEED for Existing Buildings
LEED for Core and Shell
LEED for Schools
LEED for Homes
LEED for Neighborhood Development
Market Sector Rating Systems
Multi Buildings and Campuses
Retail
Healthcare
Laboratories

The goal of most stakeholders using LEED as
a building rating tool is to achieve LEED cer-
tification. Certification is the process by which
a project team fulfills the prerequisites and suf-

ficient credit points as appropriate to reach one of
four certification levels: Certified, Silver, Gold or
Platinum. This process is explained in complete
detail in the Reference Guides issued for each
of the LEED rating systems as well as on line at
www.usgbc.org.

Generally LEED is based on a collection of pre-
requisites and credits that are organized into the
following categories:

B Sustainable Sites (SS)

(1) Prerequisite and (14) possible points
B Water Efficiency (WE)

(0) Prerequisites and (5) possible points
B Energy and Atmosphere (EA)

(3) Prerequisites and (17) possible points
B Materials and Resources (MR)

(1) Prerequisite and (13) possible points
B [ndoor Environmental Quality (EQ)

(2) Prerequisites and (15) possible points
B /nnovation & Design (ID)

(0) Prerequisites and (5) possible points

In the LEED certification system prerequisites
are activities or processes that must be done but
there are no points accumulated. Credits are
pursued as a matter of choice for which points
are awarded if the requirements of the credits
are achieved. In LEED for New Construction
and Major Renovations (LEED NC) there are
seven total prerequisites and sixty nine possible
points. In LEED for Schools (LEED FS) there
are nine prerequisites and seventy nine pos-
sible points. The other LEED building rating
systems vary but most carry a similar category
/ credit / point structure. The reader is referred to
www.usgbc.org for a more complete description
of each.

A LEED Accredited Professional is anyone who
passes one of three available exams administered
by the Green Building Certification Institute, an
organization allied with the USGBC to provide
professional development and LEED accredita-
tion testing. The three exams available for test-
ing are LEED for New Construction and Major
Renovations, LEED for Commercial Interiors
and LEED for Existing Buildings. For the pur-
pose of clarity buildings undergo a certification
process. Individuals who pass one of the three
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LEED accreditation exams become LEED Ac-
credited and are entitled to use the credential
LEED Accredited Professional or LEED AP.

A Modular Building is a building that is com-
prised of one or more modules that are fabri-
cated under controlled conditions and delivered
to the project site substantially complete (i.e.,
walls, floor and ceiling in place). In most cases,
individual modular units are assembled on site to
create the full modular building. The construc-
tion of a modular building and its erection on
a project site, involves site work including site
preparation, site servicing, erosion and sedi-
mentation control, site grading and landscaping,
foundation work, and/or paving.

The Project Site is considered the final destina-
tion of the modular units.

The Manufacturing Site is the location where the
modular units are fabricated.

LEED certification is project specific, and ap-
plies to a specific building, on a particular site,
at one point in time. LEED certification is not
‘attached’ to just the building. Consequently, a
temporary building could receive certification.
However, if a building that forms part of a LEED
certified project is moved to a new site, then the
LEED certification is no longer valid.
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Modular Building and the
LEED Building Rating System

n order to better understand what affects a modular building’s potential for LEED certification
and the way LEED certification scores are compiled it is necessary to consider the following
observations and conditions that inform the LEED certification process.

LEED prerequisites and credit opportunities fall into three broad areas of
concern:

Context and Community Connectivity. These issues are largely a function of where the project
is located. They are not specific to modular building practice, processes or products. A project
using modular building techniques is subject to the opportunities or limitations inherent in good
site selection the same as any other project.

Architectural, Engineering and Construction Choices. These are the decisions that comprise
how a project is designed and constructed. Material selection, construction techniques, build-
ing systems selection, installation and controls and most other decisions that pertain to building
envelope, mechanical, electrical and plumbing systems and space conditioning are in this cat-
egory. Modular building offers significant opportunities for environmental stewardship, economic
opportunity, LEED certification and market penetration in this area. Material handling, optimal
construction conditions and environmental control during construction all can contribute to attain-
ing LEED credits and attendant points. Much of this report is focused on this area.

Construction Administration and Processes. These include such activities as commissioning,
construction waste management, maintaining superior interior air quality during construction
and before occupancy and measurement and verification. Like Context and Community Con-
nectivity, Construction Administration and Processes are not specific to modular construction.
Instead they are prerequisites and credit opportunities that are common to all construction and
the project as a whole. However, commissioning can be done under optimal factory conditions,
construction waste management and material recycling can occur under tight factory control and
construction documentation can be very efficient. All of this can make LEED credit compliance
and documentation very efficient.

Rev 1]6.08
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The LEED tables and attendant narrative that
follow at the end of this document are provided
to illustrate how modular building practices and
products align with the goals of high perfor-
mance green building and the USGBC’s LEED
building rating system. Each is presented as a
reflection of current industry practice. The “Y
M N” columns are provided to help the read-

er self evaluate projects. The letters stand for
“Yes”, “Maybe” and “No”, referring to the
likelihood of each of the credits in the project
under consideration. They are provided only as
a guide to assist the reader in understanding the
application of LEED and how it can be used to
evaluate different products and projects.

LEED Evaluation Matrix - Modular Building Institute

Credit Description Y[M|N

Submittal Requirement

Modular Building Issues
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MODULAR

BUILDING INSTITUTE

Recycling: Before and After

Commercial modular construction providers lead the way on renovation and reuse of buildings

This construction project consists of the renovation of an existing sales office and included the addition of a self supported
roof system to simulate the design and look of the new homes throughout the community. The unique roof line, building
colors and shutters added onsite to match the homes enhances the overall appearance of the building and matches the
aesthetic of the homes in the development.

el

Before

After

www.modular.org == 2008 =t The Modular Building Institute
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Sustainable Sites

and Modular Building

he Sustainable Sites Category has one

I Prerequisite and fourteen possible points.

SS Credit 7.2: Heat Island Effect — Roof

and SS Credit 8: Light Pollution Reduction are

the Credits in this category that pertain directly

to construction of a modular unit. The Prerequi-

sites and all other credits in this category are a

function of context and community connectivity
or transportation issues.

In order to achieve SS credit 7.2 modular con-
struction must meet the requirements for solar
reflective index or SRI in the roofing material(s)
used over 75% of the roof area. These are a So-
lar Reflective Index (SRI) of 29 for roof areas of
more than 2 in 12 and SRI of 78 for roof areas less
than 2 in 12. If the units are delivered to the site
with the roof surfaces in place the SRI require-
ments apply directly and the modular building
supplier. In some constructions the roof structure
may be completed in the field. In each case it is
the finished project that must comply.

Requirements for SS Credit 8 Light Pollution
Reduction are divided between interior and exte-
rior lighting design and construction. For interior
lighting all non-emergency interior lighting with
a direct line of sight to any openings in the build-
ing envelope, translucent or transparent must
have the lighting input power reduced by at least
50% thru automatic controls between 11PM and
5AM. This control can be over ridden by sens-
ing devices or manual controls providing the over
ride period does not exceed 30 minutes.

Interior lighting requirements for this credit can
also be accomplished by shielding the fixtures
that have a line of sight connection to the outdoors
providing the shielding reduces the transmittance
to less than 10% and the fixtures are controlled or
off between 11PM and 5SAM.

Exterior lighting requirements are a matter of
overall site lighting and building fagade lighting.
Each is based on ASHRAE/IESNA Standard 90.1
—2004. Generally, projects pursuing LEED cer-
tification and SS Credit 8 must illustrate a sen-
sitivity to existing light conditions and ambient
lighting levels. Site lighting that does not exceed
80% of IESNA recommendations. Facade light-
ing and lighting landscape features cannot exceed
50% of the IESNA recommendations. In addition
to these lighting level requirements, site lighting

fixtures must limit light distribution to at or below
horizontal and limit light trespass off the site and /
or onto adjacent properties.

Good lighting design is critical to security, way
finding and over all aesthetics. In addition, both
interior and exterior lighting levels are included in
the overall energy loads calculated in Energy and
Atmosphere Credit 1 Optimizing Energy Perfor-
mance. Integrated design and close project team
coordination can insure that each is achieved.

Modular construction may also have unique attri-
butes regarding SS Credit 6.1 — Site Development
- Protect and Restore Habitat. Option One in this
credit applies to construction done on green fields
or sites not previously disturbed or developed. It
rewards construction techniques that limit site dis-
turbance and keep disturbed areas to within the ar-
eas immediately adjacent to the building footprint.
The intent of the credit is to stay within forty feet
of the building perimeter, within ten feet of side-
walks and utility trenches serving connection of
ten inches in diameter or less, within fifteen feet of
trenches with larger utility connections and within
twenty five feet of areas intended to remain per-
meable.

Because modular building units are fabricated off
site and delivered by a variety of over the road
transport it is possible to achieve tighter site con-
trol and less disturbed area in the project perim-
eter. Industry representatives need to coordinate
delivery of modular components with contractors
to insure the site tolerances for SS Credit 6.1 can
be maintained.

SS Credit 9 — Site Master Plan and SS Credit 10
— Joint Use of Facilities are specific to LEED for
schools and are not reliant on either conventional
or modular construction for credit compliance.

Even though the majority of the credits in the Sus-
tainable Sites category are not a function of con-
struction techniques it is important for stakehold-
ers in the modular building industry to understand
the overall intent and requirements of each credit.
Proper siting or placement of modular units can
contribute to improved daylighting, natural ven-
tilation, better storm water management, more
efficient site lighting and a host of other sustain-
able design and development improvements that
contribute to a more energy, material and resource
efficient project.
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How are modular structures more sustainable?

Modular construction techniques have been shown to be inherently eco-friendly in 7 major areas:

0 Less Materials Waste — Pre-fabrication makes it possible to optimize construction materials pur-
chases and usage while minimizing on-site waste and offering a higher quality product to the buyer. Bulk
materials are delivered to the manufacturing facility where they are stored in a protected environment safe
from theft and exposure to the environmental conditions of a job site.

@ Less Material Exposure to Inclement Weather — Many of the indoor air quality issues identified in
new construction result from high moisture levels in the framing materials. Because the modular structure
is substantially completed in a factory-controlled setting using dry materials, the potential for high levels of
moisture being trapped in the new construction is eliminated.

6 Less Site Disturbance — The modular structure is constructed off-site simultaneous to foundation
and other site work, thereby reducing the time and impact on the surrounding site environment, as well as
reducing the number of vehicles and equipment needed at the site.

9 Safer Construction — Modular construction is a safer alternative. Conventional construction workers
regularly work in less than ideal conditions dealing with temperature extremes, rain, wind, or any combina-
tion of natural conditions. This, by its very nature, is a much more challenging environment to work safely
in. Additionally, the potential for injury including falls, the most common work site risk, is much higher. In
a factory controlled setting, each worker is typically assigned to a work station supplied with all the ap-
propriate equipment needed to provide the safest work environment possible. Off-site construction also
eliminates the hazards associated with materials, equipment and an incomplete construction processes
typical of construction sites that can attract curious and unwelcome “visitors” (i.e. students on a school
expansion project).

(5 ) Flexibility — When the needs change, modular buildings can be disassembled and the modules relo-
cated or refurbished for their next use reducing the demand for raw materials and minimizing the amount
of energy expended to create a building to meet the new need. In essence, the entire building can be
recycled in some cases.

@Adaptability —Modular buildings are frequently designed to quickly add or remove one or more “mod-
ules” minimizing disruptions to adjacent buildings and surroundings.

0 Built to Code With Shorter Build Times — The bottom line is that with modular construction you can
get a facility built to the same local codes with construction quality as good as or better than a comparable
site built building in much less time. Additionally, the abbreviated construction schedule allows you to get
a return on your investment sooner while minimizing the exposure to the risks commonly associated with
protracted construction schedules.

source: Modular Building Institute
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Water Efficiency

and Modular Building

preciating where our water comes from,

how we use and recycle it while we have
it on site and where it goes once we are finished
using it. The primary emphasis is on reducing
dependence on municipally supplied potable
water for irrigation, the transportation of waste
using potable water and overall water conser-
vation. Through integrated design we can see
relationships between the Sustainable Sites Cat-
egory in LEED and the water conservation goals
and intents of the Water Efficiency category.
Rain water harvesting can reduce the reliance on
conventional civil infrastructure while contribut-
ing to the need for irrigation, if there is one. Or,
the reductions on potable water demand due to
more water efficient bathroom or restroom fix-
tures can lessen the need for transporting waste
while integrating well with an on site grey water
separation and treatment facility.

I EED rewards project stakeholders for ap-

As with the LEED Sustainable Sites Category,
the LEED Water Efficiency credits are not spe-
cific to modular building. WE Credits 1.2 and
1.2 potable water demand for irrigation are a
matter of resource efficient landscaping and
site water management in any project. All con-
struction whether conventional or modular can
include the principles, practices and products as-
sociated with water conservation and site water
management. Rain water harvesting systems
can be integrated into modular building designs.
Ecologically sensitive landscaping, intelligent
plant selection, integrated pest management and
sensitivity to the microclimates buildings create
when sited are universal principles and practices
that apply to all construction.

WE Credit 2 — Innovative Waste Water Technol-
ogy rewards project stakeholders for utilizing
fixtures that outperform the allowable water
quantities listed in the Energy Conservation Act
of 1992. This is done by conducting an inven-
tory of those fixtures associated with flushing
or transporting waste. The fixtures are invento-
ried and bench marked against those in the Act.
Then, substitutions are made to enact a water
conservation strategy that reduces the overall
need for potable water associated with transport-
ing waste. Points are rewarded for achieving a

50% reduction or more in potable water required
to transport waste below that allowed by the
flow rates listed in the Energy Conservation Act
of 1992. This can be achieved through a com-
bination of water efficient fixtures and / or the
utilization of rain water or treated grey water for
flushing. Estimates of water saved from a single
waterless urinal range from 20,000 to 60,000 gal-
lons per year depending on the location and fre-
quency of use.

WE Credit 3.1 and WE 3.2 — Water Use Reduc-
tion recognize the potential for conserving water
in any way possible with the exclusion of pota-
ble water used for irrigation which is accounted
for in WE Credits 1.1 and 1.2. Modular build-
ing manufacturers and suppliers have embraced
many of the strategies commonly used to reduce
water consumption. Water conservation and the
ability to implement these strategies in modular
construction is well known and largely a matter
of choice. Current products are durable, reliable
attractive and reasonably priced.

WE Credit 3.3 — Process Use Water Reduction is
specific to LEED for Schools. It is intended to
reward any effort to aggregate a number of wa-
ter conservation opportunities commonly found
in schools. If these uses are housed in modular
building units then they are in play just as they
would be for any other building type.

Water conservation and the LEED Water Efficien-
cy credits are gaining in priority and application
as the awareness of the importance of water and,
in some cases, growing shortages emerges. Wa-
ter conservation is one of the hallmarks of high
performance green buildings and one area where
modular building can enjoy the same benefits
as conventional construction. Several modular
construction manufacturers currently list water
conservation and LEED Water Efficiency credit
compliance as part of their marketing effort. At
the same time modular building advocates need
to be aware of the integrated design implications
for whole building and total site water manage-
ment to insure the completed design meshes site
water harvesting opportunities with current wa-
ter conservation and water management strate-
gies. The modular building industry can benefit
by studying the art and science of stormwater
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management to better participate in LEED dis-
cussions centering on how a building should be
sited, how retention ponds, rain gardens and oth-
er site amenities contribute to LEED credits with
open space requirements. Modular construction
that anticipates inclusion in projects with rain
water harvesting is best if it has anticipated the
detailing, structural loads and system interfaces
that are part of the building and site engineer-
ing necessary to be part of the overall systems
integration.
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Energy and Atmosphere
and Modular Building

urrent literature supports the fact that

energy conservation and the attendant

reduction in building operating costs are
two of the major drivers in the high performance
green building movement. LEED recognizes
the history of the energy conservation move-
ment from the energy crises of the 1970s and the
tools that have been developed to model energy
use reduction via building envelope and build-
ing energy systems optimization since that time.
LEED also recognizes the ongoing connection
between the production of primary power via
fossil fuels and the consequences for air pol-
lution, global warming and ozone protection.
Increasing energy costs and growing concern
about energy availability and security are sure
to keep the interest in energy conservation and
renewable or alternative energy sources in the
forefront of the high performance green building
movement.

All of the Energy and Atmosphere prerequisite
and credit opportunities can be applied directly
to modular construction projects. While this
is true of conventional construction, modular
building has a number of potential advantages
if the industry chooses to pursue them. Modular
construction can produce relatively high R val-
ues and low infiltration rates if fabricated and
constructed with good quality control. Steel
and aluminum stud frame construction can also
produce energy efficient units if care is taken
to insure proper installation techniques and air
sealing. High performance windows contrib-
ute to the pursuit of high performance building
envelopes in each case as do proper air sealing
procedures and quality entrance systems. Sev-
eral modular building manufacturers tout supe-
rior energy conservation and reduced operating
costs as a function of quality control in factory
environments as opposed to conventional con-
struction where both labor and materials can be
subject to the influence of weather.

The following discourse summarizes the rela-
tionship of modular building and the LEED En-
ergy and Atmosphere prerequisites and credits.

EA Prerequisite 1 — Fundamental Commission-
ing of the Building Energy Systems

Commissioning is the art and science of using
diagnostic tools, experience and building foren-
sic knowledge to guarantee to the greatest extent
possible that a building will perform and be oper-
ated and maintained as it was intended. LEED re-
quires fundamental commissioning of the HVAC
and controls, lighting and controls, domestic hot
water systems and renewable energy systems if
they are included. Commissioning differs from
traditional testing and balancing or the start
up primary space conditioning equipment by
manufacturer suppliers or subcontractors in that
commissioning must insure that all systems are
working collectively as intended. In the case of
modular building, commissioning is assumed to
be applied to a finished project.

If a modular building is fully assembled prior to
delivery and the systems that must be commis-
sioned are installed and operational most funda-
mental commissioning activities can take place
in the factory. However, the modular building
is subject to additional commissioning activi-
ties if connecting to the civil infrastructure, site
mounted renewable energy systems, site water
supply pressure testing, etc. These activities can
only happen in the field and are required for a
complete commissioning report.

It should be noted that beyond the tra-
ditional commissioning  activities  them-
selves LEED requires the following:

1. Designate an individual as the commission-
ing agent to lead, review and oversee the
completion of the commissioning process
activities.

a.The commissioning authority shall have
documented commissioning authority
experience in at least two projects of similar
scale, scope and complexity.

b.The individual serving as the commissioning
authority shall be independent of the proj-
ect’s design and construction management,
though they may be employees of the firms
providing those services. The commission-
ing authority may be a qualified employee or
consultant of the owner.
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c.The commissioning agent shall report the
results, findings and recommendations
directly to the owner.

d.For projects smaller than 50,000 square
feet, the commissioning agent may include
qualified persons on the design or construc-
tion teams who have the required experi-
ence.

2. The owner shall document the owner’s Proj-
ect Requirements (OPR). The design team
shall develop the Basis of Design (BOD).
The commissioning authority shall review
these documents for clarity and complete-
ness. The Owner and design team shall be
responsible for updates to their respective
documents.

3. Develop and incorporate commissioning re-
quirements into the construction documents.

4. Develop and implement a commissioning
plan.

5. Verify the installation and performance of
the systems to be commissioned.

6. Complete a summary commissioning report.

Lastly it may be possible that the completed
modular unit which has been commissioned
largely in the factory is still a subassembly in
a larger completed project. In this case all of
the modular building commissioning activities
will be part of a more comprehensive commis-
sioning plan and will have to be coordinated
accordingly. One of the most important roles a
commissioning authority has when a project in-
volves modular buildings is to act as the liaison
between the modular building manufacturing
plant and the construction site. The commis-
sioning plan should address how commissioning
activities that vary in scope and location will be
coordinated and reported.

EA Prerequisite 2 — Minimum Energy Perfor-
mance

All LEED projects are subject to meeting the
minimum energy performance criteria set forth
in Sections 5.4, 6.4, 7.4, 8.4, 9.4, and 10.4 of
ASHRAE / IESNA 90.1 — 2004 without amend-
ments as well as the prescriptive requirements
of Sections 5.5, 6.5, 7.5 and 9.5 without amend-
ments. The reader is referred to ASHRAE / IES-
NA 90.1 2004 for a complete description of the

requirements. Generally the building categories
are:

Section 5 — Building envelope

Section 6 — Heating, Ventilating and Air Con-
ditioning (including parking garage ventilation,
freeze protection, exhaust air recovery and
condenser heat recovery)

Section 7 — Service water heating

Section 8 — Power (including all building power
distribution systems)

Section 9 — Lighting (including exit signs,
building exterior, grounds and parking garages)
Section 10 — Other Equipment (including all
permanently wired electric motors)

It is quite common for municipalities to base
their building code requirements on ASHRAE
standards and references. In this case the modu-
lar buildings in question are assumed to be per-
manently installed on foundations not meant to
facilitate removal or frequent relocation.

EA Prerequisite 3 — Fundamental Refrigerant
Management

This prerequisite prohibits the use of CFC —based
refrigerants in new building HVAC systems.
These refrigerants are not permitted in new con-
struction in the US but may be present in plants
that modular buildings are serviced by. If this is
the case the project using the modular building
serviced by the plant must obtain an inspection
of the plant as well as a commitment to phase out
the equipment using CFCs in the plant over time.
Each is weighed on its merits.

EA Credit 1 — Optimum Energy Performance

LEED provides an opportunity to obtain up to
ten points for new construction by creating a base
case building using Appendix G of ASHRAE /
IESNA 90.1 —2004. Once the base case is creat-
ed and an annual operating budget is established
the design team is tasked with creating a design
case building that reduces the annual operating
budget by at least 14%. This degree of effort is
required for the submission to be valid but two
points are rewarded. If at least two points are
not achieved in this credit the LEED submission
is considered invalid and LEED certification is
withheld.
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It is important to note that the modular build-
ing in question must be modeled in the context
of the site and the final design. This exercise
cannot be done remotely or theoretically in the
factory. This is because energy performance and
the criteria that LEED requires to be considered
are dependent in whole or in part on final build-
ing orientation, passive solar and natural ven-
tilation contributions, site lighting, occupancy
and microclimate conditions that effect yearly
energy use.

In large projects energy modeling using DOE.2e
or other sophisticated modeling software is used.
In smaller projects more prescriptive measures
can be used based on several ASHRAE publi-
cations such as the Advanced Buildings Core
Performance Guide. The LEED Reference
Guide contains an extensive discussion of what
evaluation procedures are most appropriate and
what is acceptable as building envelope, build-
ing systems, site and occupancy variables.

EA Credit 2 — On-Site Renewable Energy Sys-
tems

Once the yearly operating budget of the design
case building has been determined using the
procedures contained in EA4 Credit 1 the proj-
ect team can address meeting the annual energy
demands of the project with renewable energy
sources and building systems. LEED considers
the following systems eligible for consideration
in this credit:

Photovoltaic systems

Solar thermal systems

Bio-fuel based electrical systems
Geothermal heating systems

(Geothermal heat pumps are excluded but
their benefits are considered in EA Credit 1
— Optimum Energy Performance.)

B Geothermal electrical systems

B Low impact hydro electric power systems
B Wave and tidal systems

For EA Credit 2 these systems are generally con-
sidered to be located on site and dedicated to the
subject project. Systems such as photovoltaics
and solar domestic water heating systems can
have their internal components installed in the

modular building factory but final assembly of
the collectors or PV arrays is typically done in
the field. This is certainly true of any array that
is site mounted or part of a larger central array
dedicated to more than one modular building.

Renewable energy systems can be applied to any
building construction type and are increasingly
frequent in modular building projects. Integrated
design is driving design trends that install rela-
tively small scale PV panels as window shading
devices. Other eligible systems such as low im-
pact hydro dams, while contributing to the credit,
are clearly a matter of site selection and proxim-
ity. The contribution of these systems to the re-
duction of the annual energy costs are reflected in
the energy modeling or prescriptive approaches
to energy cost calculations found in £4 Credit 1.
EA Credit 2 rewards 1, 2, or 3 LEED points for
an annual energy cost reduction of 2.5%, 7.5% or
12.5% respectively as a result of energy produced
from eligible renewable energy systems.

EA Credit 3 — Enhanced Commissioning

Enhanced Commissioning is related to the basic
commissioning required for all LEED projects in
EA Perquisite 1. In addition to the basic require-
ments inherent in E4 Prerequisite I the commis-
sioning authority must also:

1.Conduct a minimum of one commission-
ing design review of the Owners Program
Requirements (OPR), the Basis of Design
(BOD), and design documents prior to the
mid-documents production phase. A back
check of the remarks and responses to the de-
sign reviews must be included in subsequent
phases.

2.The commissioning authority shall also review
contractor submittals concurrent with the A/E
reviews. Findings must go directly to the
owner.

3.Develop a systems manual that provides fu-
ture operating staff the information needed to
understand and properly operate the commis-
sioned systems.

4. Verify the requirements for staff training and
operating personnel have been completed.

5.Participate in a review of the building opera-
tion within 10 months of substantial comple-
tion.
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As in the EA Prerequisite 1 — Fundamental
Building Systems Commissioning enhanced com-
missioning activities and responsibilities may be
split between the manufacturing plant and the
construction site. The commissioning plan must
reflect how commissioning activities will be co-
ordinated. And, systems that are assembled or
sub-assembled at the factory which become part
of the permanent installation must be commis-
sioned as part of the finished installation.

EA Credit 4 — Enhanced Refrigerant Manage-
ment

LEED rewards project teams that make respon-
sible choices regarding the selection, installation
and maintenance of refrigerants. This credit op-
portunity is not specific to modular building but
is a function of space conditioning equipment
and the refrigerant choices that accompany them.
The point for this credit is obtained by not us-
ing refrigerants or by selecting one that has the
qualities and attributes of being efficient while
minimizing the potential for ozone depletion and
global warming should the refrigerant wear out
prematurely, require difficult or dangerous main-
tenance or escape to the atmosphere. R410A
or Puron is preferable to R12 or R22. A LEED
point is rewarded for selecting a refrigerant that
balances these criteria and still meets equipment
performance and warranty requirements.

EA Credit 5 — Measurement and Verification

Measurement and Verification is a process by
which the operation and associated energy per-
formance of a completed project is monitored for
at least one year using the processes and prac-
tices set forth in the International Performance
and Measurement & Verification Protocol (IP-
MVP) Volume III. The IPMVP allows the use
of two protocols, Options B and D respectively
depending on the complexity of the project and
the number of systems that use energy.

While this credit is not specific to modular build-
ing, project teams need to understand the require-
ment of the credit as it relates to the installed
controls, sensors, data acquisition systems and
other performance indicators the IPMVP proto-
cols involve. Obtaining this point may require
coordination between the modular building sup-
plier and the HVAC and / or the mechanical,

electrical and plumbing engineers. The intention
is to acquire sufficient building systems data to
verify the building is performing as anticipated.
In this regard this credit is often evaluated as a
compliment to the commissioning activities that
are taking place in the same time period, espe-
cially if Enhanced Commissioning activities are
taking place.

The work associated with obtaining this credit
can be relatively simple if the structures are
modest in scale and the systems are limited and
straight forward. Many modular building appli-
cations be they classrooms or small offices are in
this category. Modular buildings of this type are
often single zone structures with dedicated space
conditioning systems and simple controls.

EA Credit 6 — Green Power

Green Power refers to electrical energy generated
off site using criteria established by the Center
for Resource Solutions (CRS) Green-e products
certification requirements. Projects are rewarded
one LEED point for contracting for at least 35%
of the project’s electrical requirements for two
years. A second point is available if the contract
doubles to 70% for the same two year period.

This credit is not specific to modular buildings
except for the indirect implication that very en-
ergy efficient modular buildings can reduce the
actual kW required per year, hence lowering the
percentage of Green Power that is contracted for.

The literature supports the fact that modular
buildings can be very energy and resource ef-
ficient. Competitions now showcase the vari-
ous ways in which modular building suppliers
are incorporating energy and water conserving
equipment and features in completed projects.
Stakeholders representing modular buildings in
LEED applications need to have an appreciation
for which activities are joined in the manufactur-
ing facility and which are a function of outside
collaborations and team member participation. It
must also be noted that unless the modular unit
represents the entire finished project, modular
sub assemblies and modular units that comprise
a portion of a larger whole project are evaluated
against the energy performance of the project as
a whole.
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Materials and Resources
and Modular Building

odular building by nature is material
M and resource efficient. One of the great

economies of modular building is the
ability to assemble repetitive units in controlled
conditions. Another is to minimize material
waste associated with conventional construction
due to weather intrusion and construction site
theft. Modular units, largely finished when they
arrive at the construction site, can significantly
limit construction waste generated at the site
and contribute directly to construction site waste
management.

LEED rewards projects for recognizing where
materials come from, how they are used on site,
whether or not they are salvaged during renova-
tions, and how the residual waste stream is man-
aged. Special recognition is given to using ex-
isting buildings, materials with recycled content
and those that are mined, harvested, extracted
and assembled within 500 miles of the construc-
tion site. Finally, LEED rewards projects that
use products grown using good stewardship
practice, and are lightly processed or have low
embodied energy.

In order to accurately evaluate the role of materi-
als and resources in modular building and LEED
projects the following must be understood:

B There are no LEED certified products

B A product cannot give a LEED project
points

B A product can contribute toward or comply
with LEED credit requirements

In LEED products fall into two categories: Con-
tribution Credits and Compliance Credits.

Contribution Credits require a calculation to de-
termine what percentage of the project’s materi-
als meet the requirement set forth by the LEED
rating system that the project team is applying
for certification.

Compliance Credits require all related materi-
als to meet a certain requirement set forth by the
standard. All products related to the credit must
pass the standard. These credits are pass or fail.

In order to facilitate the LEED application the
modular unit manufacturer must be intimately fa-
miliar with the nature, source and manufacturing
processes associated with the materials assem-
bled in the modular building entity in question.
This will be discussed further in the credit inter-
pretations below. The reader is invited to study
the LEED Reference Guide for the LEED rating
system being used for a more complete discourse
on the subjects of materials and resources.

The prerequisite and LEED credit opportunities
in the Materials and Resources section are:

MR Prerequisite 1 — Storage and Collection of
Recyclables

This prerequisite is common to all LEED projects
and not specific to modular building. The project
team must illustrate how glass, aluminum, paper,
corrugated cardboard, and plastic are collected,
stored and then removed from the project site
whether or not a municipal waste collection pro-
gram is in place. This is typically the responsibil-
ity of the design team.

B MR Credit 1.1 — Building Reuse
Maintain 75% of Existing Walls Floors and
Roof

B MR Credit 1.2 — Building Reuse
Maintain 95% of Existing Walls Floors and
Roof

B MR Credit 1.3 — Building Reuse
Maintain 50% of Interior Non Structural
Elements

These credits only apply to LEED projects that
involve existing buildings. It is possible that the
existing building in question is a modular build-
ing. It is also possible that the project involves
adding modular buildings or new construction
that contains modular units to an existing build-
ing. In each case an inventory of the building(s)
is conducted to calculate the percentage of each
involved. These credits stay in play unless the
new construction being added to the existing
building (if any) exceeds the size of the existing
building by two hundred percent, at which point
these credits drop out and the existing building
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materials segue into MR Credits 2.1 and 2.2,
Construction Waste Management.

B MR Credit 2.1 — Construction Waste
Management
Divert 50% from Disposal

B MR Credit 2.2 - Construction Waste
Management
Divert 75% from Disposal

One of the significant economies associated
with modular construction is the ability to man-
age construction waste. LEED rewards con-
struction waste management at the construction
site by being able to account for the materials,
by weight or by volume, that are diverted from
landfills. This includes all non hazardous ma-
terials excluding cut and fill and organic mate-
rial removed from the site. One direct benefit of
reducing the overall waste stream is the simpli-
fication of construction waste management at
the site and the attendant reduction in dumpster
costs and hauling fees.

In the case of modular building overall construc-
tion waste generated at the site can be reduced
significantly. Moreover there may be Innovation
Points available to LEED project teams that can
illustrate similar waste management practices
are in play at the modular building manufactur-
ing facilities. In order to apply for an /nnovation
Point the LEED team must be able to do a similar
“upstream” evaluation to determine the amount
of construction waste material generated at the
plant and the amount diverted from landfills.

In order to calculate MR Credits 3.1 through
5.2 LEED requires project teams to calculate
the cost of building materials in Divisions Two
through Ten less labor and transportation costs.
This number then forms the denominator in the
calculations used to determine compliance with
the credit requirements in each. Achieving these
credits requires a working knowledge of the
source of the materials, their composition and
the point of purchase. Modular building rep-
resentatives should familiarize themselves with
the full range of credit requirements detailed in
the LEED Reference Guides. Only materials
that are permanently installed qualify for inclu-
sion in MR Credits 3 through 7.

B MR Credit 3.1 — Material Reuse, 5%
B MR Credit 3.1 — Material Reuse, 10%

LEED rewards incorporating used building ma-
terials in new construction and major renovation.
To date this practice is very limited in the manu-
facture of new modular building units. How-
ever, it is quite possible that modular building
practices could be used in LEED projects where
other aspects of the overall construction could
feature these materials. The percentages listed
refer to the percentage in Divisions Two through
Ten - material costs that are represented by re-
used materials.

B MR Credit 4.1 — Recycled Content

10% (post consumer + % pre consumer)
B MR Credit 4.2 — Recycled Content

20% (post consumer + % pre consumer)

Modern modular building construction uses a
full range of materials with high recycled con-
tent. These materials are recognized for there
relatively high strength to weight ratios, mois-
ture resistance and cost effectiveness. LEED
recognizes the contribution of material manufac-
tures that use both post consumer and pre con-
sumer recycled content. Post consumer recycled
content is that which is manufactured from such
items as plastic bottles and cans which, once
used, find their way back into the manufactur-
ing process. Pre consumer recycled content is
that which transfers from one industry to another
without interfacing with consumers. Fly ash in
concrete or wheat straw substrate are two exam-
ples. In order to participate in obtaining these
credits the modular building manufacturer must
be able to identify and quantify the nature and
percentage by weight of recycled content in the
materials used in modular construction. These
include but are certainly not limited to materials
commonly found in the modular construction in-
dustry: oriented strand board (OSB) and insula-
tion plastics found in structural insulated panels
(SIPs), agriculturally based substrates, linoleum,
aluminum, metal and glass window assemblies,
medium and light gauge steel framing, carpet
systems, floor tile, acoustic ceiling tile, cabine-
try, interior drywall partitions, surface treatments
and fabrics, doors, metal roofing, etc. Each must
be evaluated for recycled content and cost rela-
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tive to the overall cost of the modular unit less
labor and transportation. Because transporta-
tion costs associated with transporting modular
building units are documented separately from
the product this information simply needs to be
recorded and provided to the appropriate LEED
submission contact person.

B MR Credit 5.1 — Regional Materials
10% Extracted, Processed and Manufactured
Regionally

B MR Credit 5.2 — Regional Materials
20% Extracted, Processed and Manufactured
Regionally

These credits recognize the economic and en-
vironmental benefits of building with materials
that are found in proximity to the construction
site. The percentages listed refer to the portion
of the total material cost less labor and trans-
portation of materials in Divisions Two through
Ten. In order to qualify for these points the point
of purchase of the modular building unit must
be within a 500 miles radius of the project site.
The modular building manufacturer must then
be able to identify what building products used
in the construction of the modular building unit
were extracted, processed, manufactured and
purchased within that same 500 mile radius. For
homogenous materials this can be a relatively
easy assessment. For materials that are complex
or which derive a portion of their materials out-
side the 500 mile radius this can be an involved
calculation. The 1000 mile diameter that results
from the 500 mile radius is a significantly large
area and many LEED projects get one or both of
the points associated with these credits. Most
modular building units are shipped from within
a 500 mile radius of the construction site so it be-
hooves the project team to attempt these credits.
It should be noted that the 10% and 20% of the
value of the materials on the project are calcu-
lated against the total cost of materials including
site development.

MR Credit 6 — Rapidly Renewable Materials

Rapidly renewable materials and products are
those which are derived from raw materials that
come to market in a ten year cycle or less. These
are typically such materials as bamboo, Agrifiber,

linoleum, cork, wool and cotton. LEED awards a
point to LEED project teams that can show that at
least 2.5% of the cost of the materials in Division
Two through Ten in the entire project is repre-
sented by materials that have these attributes. In
order to qualify for this credit and the point avail-
able the modular building supplier must be able
to identify and quantify which materials comply.
These are then evaluated against the total project
cost of materials in those divisions and a determi-
nation is made.

MR Credit 7 — Certified Wood

Certified wood is that which comes from sources
certified by the Forest Stewardship Council’s
Principles and Criteria. These include but are not
limited to structural framing, sub-flooring, wood
doors and finishes. In order to qualify for this
credit and the point available 50% of the value of
the wood based products in the completed proj-
ect that are permanently affixed must come from
FSC certified sources. The modular building sup-
plier should be able to identify and quantify what
those products are and have proof of the chain of
custody that accompanies FSC certification. If
the FSC certified source is within 500 miles of
the construction site credit can be taken for MR
Credit 5.1-Regional Materials.
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Markets Currently Served by Commercial Modular Construction

Military, emergency, and

government
8%

Commercial, retaV
restaurant, and

convenience stores

23%
Education
24%
Manufacturers: Major Markets Served
Kiosks, guardhouses, and
communication shelters
4% Industrial or
workforce housing
2%
Healthcare
5% \
Military, emergency, and
government
10% T

Retail, restaurant, __—

and commercial
10%

source: Modular Building Institute,
2007 Commercial Modular Construction Report

Dealers: Major Markets Served

Kiosks, guardhouses, and

communication shelters .
Industrial or

0,
% workforce housing
3%
Healthcare /
0,

0 \ General office
(includes construction site)
35%

— General office

(includes construction site)
46%

Education
24%
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Indoor Environmental
Quality and Modular Building

ext to overall energy efficiency, effec-
N tive daylighting and natural ventilation,

superior indoor environmental quality
is one of the most desirable and important at-
tributes of high performance green buildings.
Improved health and optimum building occu-
pant performance as a function of interior envi-
ronments that are allergy free and non toxic are
now appreciated as one of the most important
returns on the investment in high performance
green buildings. Studies linking occupant health
and satisfaction to natural light and clean interior
air have been in the medical literature for de-
cades. More recent studies range from those fo-
cusing on single issues such as absenteeism and
lost days to the importance of good acoustics to
broader concerns of human ecology, ergonomics
and the ongoing impact of spending as much as
90% of our time indoors.

The design and construction market’s response to
our growing awareness of the impact of the built
environment on our general well being and the
financial benefits associated with environments
optimized for health and productivity has been
very positive. It has precipitated a major shift
in industry response and product availability
within the green building movement. Where it
may have been difficult ten years ago to find non
proprietary products that were allergy free and
non toxic today they are commonplace and price
competitive. Some are enhanced by the fact that
they are manufactured with recycled materials
and often found within 500 miles of the project
site. Improvements in HVAC system efficiency,
dehumidifying capability and the use of energy
system modeling to right size space condition-
ing systems and controls has all contributed to
more cost effective ways of maintaining accept-
able psychometrics and comfort conditions. We
have arrived at the point where product suppliers
aware of the health consequences of how materi-
als impact interior air quality have joined forces
with an enlightened design and engineering
community who have the diagnostic tools nec-
essary to optimize both natural and mechanical
space conditioning systems. LEED has provided
the forum through which the principles and prac-
tices of integrated design can be used to combine
the best of both in the most cost effective ways
possible.

We have arrived at this juncture in time with the
full capability for industry-change toward provi-
sion of both environmentally conscious buildings
and eco-friendly building materials. The modular
building industry has control over both the ma-
terials and quality control features that provide
superior building atmospheres. LEED is used
to explore the relationship of energy efficiency,
the influence of daylight and natural ventilation,
the use of allergy free, non toxic materials and
the psychology of space with respect to acous-
tics and views to provide highly desirable spaces
using a variety of assembly techniques, includ-
ing modular building. This is evidenced by the
creative and inspirational responses produced by
modular building manufacturers who have par-
ticipated in green building challenges. They are
proof positive the modular building industry can
continue to pioneer and respond to the evolution
of the green building movement. The following
is a discussion of modular building as it relates
to the LEED Indoor Environmental Quality cat-

egory.
EQ Prerequisite 1: Minimum IAQ Performance

This prerequisite is based on ASHRAE 62.1-
2004, Ventilation for Acceptable Indoor Air
Quality with separate consideration of paragraph
5.1 for buildings that are naturally ventilated.
ASHRAE 62 is commonly used as the founda-
tion of many codes but LEED requires adher-
ence to local code requirements if they are more
stringent. Generally ASHRAE 62 determines the
amount of ventilation air required as well as stan-
dards for the quality of ventilation air and how it
is best distributed. The prerequisite applies to all
building types classified as permanently installed
buildings regardless of the fabrication or con-
struction delivery method.

EQ Prerequisite 2: Environmental Tobacco
Smoke (ETS) Control

The prerequisite to eliminate or strictly control
environmental tobacco smoke is applicable to all
building types. The LEED reference guide gives
specific requirements for the design, construc-
tion, commissioning and control of smoking ar-
eas inside LEED certified buildings if they are to
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be included. Requirements vary between com-
mercial and multi-family residential buildings.
They are not specific to modular buildings.

EQ Prerequisite 3: Minimal Acoustical Perfor-
mance (LEED for Schools only)

LEED for Schools contains this prerequisite
which is intended to provide minimum acoustic
performance in core learning spaces in academic
buildings. Attaining the credit is based on de-
signing classrooms and other learning spaces
to meet the Reverberation Time (RT) require-
ments of ANSI standard S12.60-2002, Acousti-
cal Performance Criteria, Design Requirements
and Guidelines for Schools. Also, classrooms
and other core learning spaces must meet Sound
Transmission Class (STC) requirements except
for windows which must meet an STC rating of
at least 35.

In addition a background noise level of 45 dBA
must be met using the methodologies described
in annexes B through D of ANSI Standard
S12.60-2002. Or, classrooms and other core
learning spaces must achieve an RC (N) Mark II
level of 37 with HVAC equipment and installa-
tions as defined in the 2003 HVAC Applications
ASHRAE Handbook, Chapter 47.

Modular building units can be optimized to meet
these criteria as they are seldom fabricated of
heavy masonry construction or massive materi-
als that reflect sound. Metal studs with multiple
layers of drywall mounted on resilient clips,
acoustic ceiling tiles and other acoustic design
techniques can all be applied. The strategy for
meeting this prerequisite and the associated EQ
Credit 9: Enhanced Acoustical Performance
can be formed around materials and construc-
tion techniques commonly used in the modular
building industry. The overall approach must be
considered against the site context, whether or
not the finished project is multi-story and ambi-
ent noise conditions.

EQ Credit 1: Outdoor Air Delivery Monitoring
This credit is intended to insure occupant com-

fort by monitoring the amount of air mechani-
cally delivered to spaces with a density of 25

people per 1000 square feet or less, keeping it
within 10% of designed air flow rates. Fifteen
percent must be maintained in spaces that are not
defined as high density.

Spaces that are naturally ventilated must have
CO2 sensors in each space located between three
and six feet above the floor.

Modular building manufacturers must confirm
these rates are achievable and install the proper
sensors and associated limit indicators to inform
building operators and occupants when design
conditions are not being met. If space condition-
ing is accomplished with a combination of forced
air and other equipment the LEED team must ex-
plain how ventilation air will be controlled and
how the sensors will work in concert with other
controls.

EQ Credit 2: Increased Ventilation

LEED rewards project teams for providing a
minimum of thirty percent additional ventila-
tion air to the regularly occupied areas of the
building. The benefit is additional fresh air and
increased assurance that any residual pollutants
will be removed with additional ventilation and,
hopefully, effective filtration. This credit can be
applied to modular construction the application
of which must be modeled in E4 Credit 1: Opti-
mum Energy Performance.

EQ Credit 3.1 Construction 1AQ Management
Plan During Construction

Obtaining this credit requires understanding
the credit intent with respect to modular build-
ing manufacturing environments and conditions.
The criteria for maintaining acceptable IAQ dur-
ing construction are based on the Sheet Metal and
Air Conditioning Contractors National Associa-
tion (SMACNA) IAQ Guidelines for Occupied
Buildings Under Construction, 1995, Chapter 3.
When applied to conventional construction proj-
ects the intent is to insure that work in place is
protected, the project site is generally clean and
free of excessive water, materials are effectively
stored and kept dry and ductwork is kept clean,
especially if the HVAC system is used during
construction.
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In modular building manufacturing plants the
conditions are often ambient, reducing the need
for supplemental space conditioning during con-
struction. The assembly areas are not subject to
excessive moisture or extremes in temperature
and are generally controlled to provide accept-
able working conditions. If modular units are
assembled in whole or in part outside these con-
trolled conditions the modular building units are
subject to the same criteria for this credit as con-
ventional construction. And, it is assumed that
factory finished units are shipped and installed
in ways that also maintain the intent of the credit
which assumes the precautions are observed un-
til the project is completed. In order to meet the
intent of this credit the conditions expected by
meeting the SMACNA standard should be evi-
denced in the completed project. The narrative
provided in the LEED template for this credit
should explain how this is accomplished.

EQ Credit 3.2 Construction IAQ Management
Plan Before Occupancy

LEED rewards project teams that build with al-
lergy free non toxic material and building prac-
tices as defined in EQ Credits 4.1 through 4.6
described below. As an extra precaution EQ
Credit 3.2 Construction IAQ Management Plan
Before Occupancy is available to insure that
any residual indoor air pollutants are removed.
This is done by either flushing out the complet-
ed building or measuring the same using [AQ
testing procedures focused on the following:

B Formaldehyde (HCHO) not to exceed 50
parts per billion

B Particulates not to exceed 50 microns per
cubic meter

B Total Volatile Organic Compounds (TVOC)
not to exceed 500 micrograms per cubic
meter

B Carbon Monoxide (CO) at 9 parts per billion
and no greater than 2 parts per million above
outdoor levels

B 4-phenylcyclohexane (4-PCH) not to exceed
6.5 micrograms per cubic meter

In order to insure superior air quality in any
completed structure it is important to build with
allergy free non toxic materials and maintain

the same with ecologically acceptable cleaning
products. Modular building is no exception.
Once healthy building products and practices
are implemented the LEED team can subscribe
to one of two techniques to obtain the point for
this credit.

The first is to flush out the building with a mini-
mum of 14,000 cubic feet of outside air per
square foot of building. The air must be intro-
duced maintaining at least 60°F and 60% relative
humidity. Alternative approaches to this tech-
nique are allowable if the building is occupied.
The flush out is complete when the total amount
of air necessary to satisfy the credit requirement
has been routed through the building.

The second alternative is to perform IAQ sam-
pling and testing using testing protocols con-
sistent with the US Environmental Protection
Agency’s Compendium of Methods for the De-
termination of Air Pollutants in Indoor Air. In
this approach testing is conducted to specifically
detect the presence and concentrations of the
pollutants listed above. This approach is much
more scientific and useful than simply flushing
air through the structure although both are ac-
ceptable.

In order to meet the intent of the credit either
method should be conducted on site in what is the
completed LEED project. Air sampling and mea-
surement done inside the modular building man-
ufacturing facility can be adversely impacted by
the manufacturing environment. Also, modular
units can pick up pollutants during transportation
that could impact the testing and which should be
removed or ventilated out before the intent of the
credit can be met. LEED only rewards accept-
able TAQ levels in the completed structure so the
testing must be completed on site.

EQ Credit 4: Low Emitting Materials

The modular building industry is scrutinized
more than site-build construction for its ability
to provide usable habitats with acceptable indoor
air quality, despite the fact that this feature has
also been proven to be very possible in modu-
lar environments. The combination of growing
awareness of the consequences of poor indoor
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air quality coupled with LEED and the growing
high performance green building movement has
made compliance with this collection of credits
very desirable. The reader is invited to revisit
Materials and Resources and Modular Build-
ing to refresh the association with the criteria in
that LEED category.

The following four Low Emitting Materials
credits are contained in this credit grouping in
LEED for New Construction and Major Reno-
vations:

B EQ Credit 4.1: Low Emitting Materials
— Adhesives and Sealants
B EQ Credit 4.2: Low Emitting Materials
— Paints and Coatings
B EQ Credit 4.3: Low Emitting Materials
— Carpet Systems
B EQ Credit 4.4: Low Emitting Materials
— Composite Wood and Agrifiber Products

In LEED for Schools these credits are also
available:

B EQ Credit 4: Option 3 — Flooring Systems

B EQ Credit 4: Option 5 — Furniture and
Furnishings

B EQ Credit 4: Option 6 — Ceiling and Wall
Systems

Each of the above material categories are gov-
erned by organizations that set maximum allow-
able limits for volatile organic compounds in the
products eligible for credit consideration. They
are listed in the respective reference guides along
with the submission requirements and allowable
alternative compliance paths for calculating
VOC budgets if a product does not comply. In
essence LEED project teams are challenged to
use only benign products with low or zero VOC
content. These materials are now readily avail-
able and largely cost neutral, especially if pur-
chased in bulk. The modular building industry
has two unique situations that impact achieving
LEED points for these credits.

The first is by assembling modular building
units in controlled environments it is possible
to critically meter and effectively apply only the
amount of material necessary. Material off gas-

sing and airborne overspray can be controlled.
Controlled temperatures and humidity provide
for optimum product storage, application and
curing conditions. This is not true if modular
building units are manufactured and assembled
in whole or in part outdoors.

The second is technically these credits only con-
sider materials applied on site. As in all credit
categories only the finished LEED project is
considered. If none of the materials evaluated
in EQ Credits 4.1 - 4.4: Low Emitting Materi-
als are applied on site then the credits and as-
sociated points are not available. Conversely, if
even small amounts of the subject materials are
applied in the field, perhaps in touching up or fi-
nal installation, then the entire application of the
material in question must be evaluated.

It is very common for LEED projects to score
well in this category. Modular building should
not be an exception.

EQ Credit 5: Indoor Chemical and Pollutant
Source Control

This credit recognizes the importance of keep-
ing finished buildings clean and uncontaminated
during their service life. To obtain this credit and
the associated point the following features and
products must be in place:

B Walk off grates or removable mats in the
main entrances

B Code based solutions to properly venting
hazardous gases out of the building

B The inclusion of Minimum Efficiency
Reporting Value (MERV) 13 filters in the
permanent HVAC system(s)

These features are not specific to modular build-
ings but can be incorporated. The most seri-
ous challenge may be using the high efficiency
MERV 13 filters in unit ventilators or through
the wall and roof top mounted packaged HVAC
equipment commonly found in modular units.
If there are not any conditions that warrant ad-
dressing hazardous gases the credit can still be
achieved.
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EQ Credit 6.1: Controllability of Systems -
Lighting

This credit requires individual lighting controls
for 90% (minimum) of the building occupants
and lighting system controls for all shared multi-
occupant spaces. It is applicable to any building.
Modular building manufacturers simply need to
be aware of the lighting system design require-
ments and be sure they are incorporated into the
finished project.

EQ Credit 6.2: Controllability of Systems — Ther-
mal Comfort

Thermal comfort system control, for the purpose
of this credit, is defined as the provision of con-
trol over at least one aspect of thermal comfort
— air temperature, radiant temperature, air speed
and humidity. The influence of these variables
and acceptable strategies for controlling each are
set forth in ASHRAE 55-2004. To obtain this
credit at least 50% of building occupants must
have access to comfort controls and be able to
control at least one of the variables. All shared
occupancy spaces must have accessible controls.
This consideration also extends to operable win-
dows if the parameters set forth in ASHRAE
62.1 — 2004, paragraph 5.1 are met.

EQ Credit 7.1: Thermal Comfort Design

The point for this credit is attained if the LEED
project team can illustrate the building enve-
lope and space conditioning systems can meet
the comfort standards set forth in ASHRAE 55-
2004. The comfort parameters — temperature,
humidity, radiant comfort and air velocity - are
the same as those in EQ Credit 6.2. This is large-
ly a matter of envelope and building systems in-
tegration with controls and occupancy profiles.
It is not specific to modular building.

EQ Credit 7.2: Thermal Comfort Verification

Project teams can obtain this credit and point by
agreeing to conduct an anonymous survey six to
eighteen months after occupancy to determine
whether the comfort goals of the project have
been met. It is typically conducted by the owner

or the owner’s agent. It is not specific to modular
building.

EQ Credit 8.1: Daylight and Views — Daylight
75% of the Spaces

Effective daylighting is one of the signature char-
acteristics of high performance green buildings.
LEED rewards effective daylighting through its
inclusion in the calculations for EA Credit 1:
Optimum Energy Performance. This credit ac-
knowledges the importance of daylight in reduc-
ing the dependence on electric lighting and its
positive influence on the psychology of space.

LEED permits three different calculation meth-
odologies to determine whether a minimum day-
lighting contribution has been made to a suffi-
cient number of spaces. In essence project teams
must balance the relationship of properly selected
and placed glazing, and provide effective shading
and glare control to meet minimum daylighting
requirements.

Effective daylighting is a matter of good design
and is not specific to any building type. The grow-
ing awareness of the importance of daylighting in
school environments has put added emphasis on
achieving this credit and point in modular units
used as primary learning environments. Daylight
also has a natural sanitizing capability that con-
tributes to limiting mold growth.

EQ Credit 8.2: Daylight and Views — Views for
90% of the Spaces

LEED recognizes the importance of connecting
building occupants with exterior environment.
This point is obtained by providing views to the
exterior from 90% or more of the regularly oc-
cupied spaces. This is a matter of room configu-
ration, or shape, and the strategic placement of
vision glazing assumed to be between 2’-6” and
7°-6” above the floor. This credit is a matter of
design and not specific to modular construction.
In integrated design glazing dedicated to passive
solar gain or daylighting strategies are effectively
combined with the desire to provide views. Mod-
ular buildings can attain this credit and point.
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EQ Credit 9: Enhanced Acoustical Performance
(LEED for Schools only)

EQ Credit 9 builds on the foundation of EQ Pre-
requisite 3 — Minimum Acoustical Performance
and rewards a point to LEED project teams that
can achieve a higher level of acoustic perfor-
mance in primary learning spaces. Essentially
teams must follow the design goals and criteria
set forth in ANSI Standard S12.60 — 2002 to
achieve more stringent acoustic performance
goals than those associated with the prerequi-
site.

Modular building manufacturers and suppliers
should assess what can be done to current mod-
ular building practice(s) to meet this credit re-
quirement. It must be noted that windows with a
minimum STC rating of 35 must be included in
the modular unit if the overall unit is to qualify.
In markets based on the construction and sale of
repetitive units the investment made in an acous-
tic consultant can be recouped over time.

EQ Credit 10: Mold Prevention (LEED for
Schools only)

Modular buildings used for classrooms and
other similar purposes will continue to be the
subject of reviews regarding IAQ issues in gen-
eral and mold in particular. While the potential
to have mold present is not specific to modular
buildings, it is important to focus on building
structures that are resistant to supporting micro
flora despite a combination of interiors with high
organic content, limited window area, external
HVAC equipment and intermittent occupancy.

Several modular building providers have won
competitions for their buildings that demon-
strate superior indoor air quality is possible with
informed design and construction choices and
quality construction.

LEED rewards finished building projects that ad-
dress Mold prevention by doing the following:

1.Earning EQ Credits 3.1: Construction IAQ
Management Plan — During Construction,
EQ 7.1: Thermal Comfort — Design, and EQ
Credit 7.2: Thermal Comfort — Verification

2.Provide HVAC Systems and controls designed
to limit space relative humidity to 60%

3.Develop and implement on an ongoing basis
an ISAQ management program for buildings
based on the EPA’s “Building Air Quality: A
guide for Building Owners and Facility Man-
agers”, EPA Reference Number 402.F-91-102,
December, 1991

Collectively these efforts represent a foundation
that addresses the fact that mold is ambient, the
propagation of mold is due to several interre-
lated factors, and the mediation of mold is de-
pendent on proper maintenance and ongoing due
diligence. The modular building industry must
interface with LEED design teams and commis-
sioning authorities to insure the preventive mea-
sures, including in the factory, are maintained
through the final construction phases and into the
occupancy of the building.
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N Innovation and Design

Process and LEED

erhaps the best feature of the LEED build- LEED project teams are invited to explore any
Ping rating system is the invitation to be and all innovation opportunities that resonate
innovative. It underscores that fact that with LEED’s premise of environmental steward-
all buildings, including modular buildings, are ship.
simply what we make them. If design is the first
indication of intent then the finished building is
simply the manifestation of that intent.

The Innovation & Design Process includes four
opportunities to score points in what are called
ID Credit 1.1 through 1.4. These credits can be
achieved by accomplishing exemplary perfor-
mance in the pursuit of any credit that is eligible
for that approach. This means the project team
has gone beyond the last increment of the credit’s
graduated requirements by the next full incre-
ment. They include such credits as WE Credit
3.2 Water use Reduction where the LEED team
would accomplish a savings of 40% reduction
in water use in LEED NC projects and a 50%
reduction in LEED for Schools.

The other way to achieve Innovation and Design
Process credits is to do something truly innova-
tive and document the Intent, Requirements and
the means by which the idea was achieved.

In either case the LEED team using modular
building units is encouraged to explore ways to
achieve Innovation and Design process points
both in the manufacturing facility and in the
field.

LEED projects that involve LEED Accredited
Professionals, LEED APs, are also eligible for
a point in this category. Any individual who
passes one of the three LEED exams is entitled
to the credential.

Modular building capitalizes on the ability
to move product in controlled manufacturing
conditions, tight inventory control and project
schedules. It is inherently waste conscious and
can have minimum site impact if delivered care-
fully and strategically with respect to site con-
straints. Modular units purchased within 500
miles of the construction site offer other LEED
point opportunities as does the reality of install-
ing low VOC materials on site.
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New green building design category awards scholarship

Modular Building Institute Opens Annual Awards Contest to College and University Students

Each year the Modular Building Institute (MBI) sponsors its prestigious Awards of Distinction contest. As
the only industry contest of its kind, MBI's Awards of Distinction reviews commercial modular building
entries submitted by MBI member companies. Entries are judged in the areas of architectural excellence,
technical innovation, efficiency and length of project. In 2007, a green building design category was
added to include university architecture students, with the winner receiving a scholarship of $2500
towards higher education.

In 2007, a green building design category was added to MBI’

Awards of Distinction contest. The category was designed to engage
university architecture students on green building designs, with the
winner receiving a scholarship of $2500 towards higher education.

2007 s first-place winning design came from University of Texas,
Austin, for this 864 sf eco-friendly schoolhouse.

“Our industry is moving into the world of sustainable design,” said Tom Hardiman, executive director of
MBI. “We thought it appropriate to reflect market demand in our most competitive event of each year, the
Awards of Distinction. What better way to introduce the value of modular design for sustainability than by
allowing future architects to share their green building designs with the industry.”

2008's student winner design (pictured right)
was submitted by Concordia University. To
view complete project case study on this

960 sf design, visit modular.org, under Awards
and then Student Green Building.

25

www.modular.org iz 2008 == The Modular Building Institute Rev1]6.08



"S9[0IYSA JUBIOIS [Ny pue Buiiws MO Jo}
eale yo doip pajeubisap auo }Ses| je pue a)is ay) Jo

MODULAR BUILDING AND THE USGBC’S LEED™ BUILDING RATING SYSTEM

-l
MODULAR

BUILDING INSTITUTE

‘adA} Buipjing 0} oy10ads jou aJe syuswalinbal ypas) |Buppied a)d1yaA |e)o} 8y} Jo 9,6 Joj Bupyied pausyeid €% ¥D SS
apinold :om] uondQ "s|en} aAlleuls) e %0Z O} uonepodsuel] Yy
j00yas ay} Buialas sadIYaA HaAuoD :8uQ uoido
"a)Is ay} jo abpa
‘adA} Buipjing 0} oy10ads jou aJe syuswalinbal Jipal 8U) 0} SUjed &%1q BJES BI0UI JO OM) PISN "SIOMOyS ue mmsomcww_muo :
} bulpiing oy oyt } ! : 1paid pue syoeu ay1q Buimoys sbuimesq ‘suoneindod uco_ﬁtoaﬁwm:mf .:m ZrHoss
(JoysIA pue Juapnj}s) Juaisuel) pue 3] 4 ajejnojed ’
‘aouelsip
. Buiiem uiyym si jey) uoneindod jooyos ey Jo SS90V |
adAy Buip|ing 0} ol10ads jou aJe syuswalinbal ypal) obejusosad oy} BuipieBe. solydelBowap USIp :o_«mtoawn%ﬂ 1'¥ 4D SS
aU} Jo / puE SJUBWS|S }ISUel) SSEW U} JO 9oUBPIAT ’
. "a)Is ay) Buneipawsai Aq g aysinbaiald juswdojarepay
adAy Buip|ing 0} ol10ads jou aJe syuswalinbal ypal) 53 ein jui0d SIyp UIBYG0 AJUO UED Sjosloig pIeyuMOIg €40 SS
|lw g/l AjAosuuo)
. ulym Juesaid ale sasldiajua eua)uo AJunwwod Ayunwwo)
8k buipiing o} oyoads jou 81e SjuBWBINDSI JIPID ay} Jo a1oe / 'Y "bs 00‘09 pasoxa Jo 19dw sjosfoid pue Aysueq cH¥oss
Buipunouins pue j08foid ayj jey) aouspiAg juswdojensq
‘adA} Buipjing 0} oy10ads jou aJe syuawalinbal yipal ‘poniasqo uoioaIeg )l
} buIpjing 03 oly! ¥ ) ! Hpai1D usaq aney siopey Bun & eu 90UBpIAg 1109]9S aIS L 40 SS
SUsINbaa.d siy} 4O sjuswaNbal 9)IS || @seyd Jo | aseyd N ._.w««,.___m_ﬂww_mvwmhw pasnbay | 3T ﬂwwﬂumwwww Z "bassid
aoue)sIp ay} yum A|dwos 0} spaau sjun Jejnpou Jo Juswadeld Hmm.% 0001 UILIM JOU S1 8IS 81 EE.@ocmuSm : NS [EUBWUCIAUS
9oy0eud jusuIaBeuew ‘yred aoue|dwod wiyuo) ‘aAjelleu
a)is poob jo saulepinb ay) ulyym pase|d ag o} pasau spun 5 4 yuod W paiinbay |- OHUSASId UoBNIOd | "bataid
. pue Buimelp |03U0D JUBWIPSS puUe UOoISOI] AuAOY uooNISUOD
Jeinpopy syoafoud Buip|ing jsow Joy Juswaiinbal |esausb e s| siy|
JO0Y - J08y3 puels| jeeH : g’ Ipal] SS
uo uondsoxa ay} yum Buipjing Jejnpow jo sangupe Jo sapijenb [eaisAyd ayy 0} oyoads Jou aie Aay] ‘1xauoo josfold jo Jepew e Ajebie| si sjpaid se)s o|qeuleisng ay) Buluieny
sanss| Buipjing Jejnpop juswaiinbay jepiwgng N|WN|A uonduosaqg }pain

ajnyysuj Suipjing Jenpojy - XilJjel uonenjeAsg 331

3ulp|ing Je|npol, pue
S9lI§ 9|qeuleisng

The Modular Building Institute

2008 ==

www.modular.org

S31IS FT9VNIVLSNS

Rev 1]6.08

26



BUILDING INSTITUTE

MODULAR BUILDING AND THE USGBC’S LEED™ BUILDING RATING SYSTEM

93mysu| Suipjing Jenpojy - Xi3ely uonenfeAz 433l

Sjejo] uondas ss
‘AJUnWWwod 8y} Ul 8|qe|ieAe ale jey)
adA} Buipjing o} oi10ads jou ale sjuswalinbal jipal SOIIUBLUE JOLIO JO SBIN|IOE) JO 8SN By} 10} JOEAUOO 10, Mm__o_o_umw
} Buiping o3 oyt ) ) ! WPBID | 1 bue AUNWILIOD SU) LM SONIIIOB) [00LOS BJEYS Em_mh o :J: _ow 0L ¥0SS
0} ssaubul|jim s Jouisig 8y} uo paseq Ajjesausa .
'8 dO
“SjUN Je[Npouw JO UONEJ0Ja) JO [BAOWSJ 8pNjoul osje | SS ‘L2 O SS 29 4O SS 1’9 8O SS ‘TG ¥O SS sjooyos Joy 337 640 SS
Aew ueld Jeyse|\ "ue|d Ja)Se\ Ul papnjoul 8q ued sBuipjing Jenpoy | ‘1°6 ¥ SS ‘L ¥D SS :sipalo Buimojioy 2 8y} o Ino ue|d JIselN SIS
¥ SOASIYOE Jey) paloyine aq }snw ue|d JBISEN
"} 1o} sjuswalinbai ssedsal} ,Em__ Hm.va 0} papn|oul aq 2 uondo - Jousw| ZzZ1-
}SNW SPLIISAO [ENUEBW YJIM S|OJJUOD MBLIND ‘OS|y “SUOIEpUSWWODal 10USIXT "SAIELIBU PUB SOTS ‘UOIEDLISSE[O 8U0Z uononpay 840 SS
VNS3| Jo abejuaaiad e ase yoiym apinb aouaiayal s|ooyos Joy 337 o ; . R uonnjjod b
alIs ‘sa|qe) ad ‘souyewoloyd ‘synoAe| Bunybi
10 DN @337 Y} Ul paje}s asoy} 0} paonpal aq 0} paau s|aAd| Bunybi
(7))
"Z1/Z uey) Jeyealb sayoyd ool Joj 62 c
10 [MS PUE Z1/Z UBY) $S8] Sayoyd §j001 10} 8/ JO [MS ‘S|euajew Buyoos Aberess soueydwios o saneLeu 1004 | 5., uo s ®
1o} sjuswalinbal |YS 8y} 9_3 Aldwoo ysnw :o:o:.;.w:oo _m_:.uos_ PUE SH4S PUE SUOREO| [eLiejew Y sBmp J00y 108U PUBISIIESH w_
. ‘ABajelis aoue||dwod JO SAljelleu pue S|YS JOOY-UON . Z
8d4 buipying o} oyoads Jou B1e sjusWBINDSI PaID pue Buipeys ‘suoneoso| |elsiew yum sbmp als yooy3 puers| jeayy | V£ 8O SS w
"OM3 PUB YD UlIM pajeuipiood 8 0} spasu A _.__l._
. ! ! |osu0) Ajllenp .
8d4 buipying o} oy0ads Jou B1e sjuBWBINDSI PaI) SIYl ‘suope|nojes ubisap JojJeMWIols pue aAleleN ubisaq soremuncyg | ¢ 9 8O SS o
V1 UM josu0) Auenp ﬂ
adA} Buipjing o0} ooads jJou aie sjuswalinbal Jpal) ajeulpioo) ‘| uondo Jad se ‘seale jJool pue d)is UBISOQ JOIEMULIOIS 1'9 40 SS o
Jo} suope|nojed ubisap JajeMWIO}S pue aAljeleN ’
. 'so[eo a@oeds uado g Bmp a0edg uadQ Xep X
8dfy Buipiing o1 20ads Jou aJe SpUBLIBINDAI IPaID adeospue)| ‘ease juudiooy Buipjing pue ayis joslold Juswidojenaq a)s TS840 SS
‘uone}aban andepe 1o aAleU y)im
jundiooy Buipjing oy} Buipnjoxs eale 8)is 8} JO %0G 1enqeH
adA} Buipjing o0} o0ads Jou aie sjuswalinbal Jpal) 10 wnwiujw e jo8304d says papelb Jo padojarsp 2l0)soy 10 109j0id | 1'G ¥D SS
Alsnoinaud uQ “sjuswalinbas @337 0} UOHONJISUOD Juswdojenaq &)S
10 BaJE PaqUNISIP Jiwi| S8YIS playusalb uQ
‘Bupyied mau fuoaden B
-adA) Buipjing o} oyoads Jou aie sjuswaInbal ypai) ON :0m] uondQ Japun Agjenb Aew suoieaousy coﬂ_mwomwchwh.“m v ¥0 SS
*auQ uondQ Jad se ‘ayis 4o} Buppied |ejo) sjeinojen ’
sanssj| Buipjing Jejnpop juawalinbay jepiugng A uonduasag Hnpain

(3uod) Suip|ing Je|npo|,| pue

S93IS 9|qeUIBISNS

27

Rev 1]6.08

The Modular Building Institute

2008 ==

www.modular.org




MODULAR BUILDING AND THE USGBC’S LEED™ BUILDING RATING SYSTEM

-l

BUILDING INSTITUTE

S|ejo] uoijoag IM
-adA} Buip|ing o} oy10ads jou ‘passalppe aJe SasN Jajem JaU)0 Inoj }ses|
. . . uononpay asn
SI)| 1oy Aayj suoiouny Jajem ay} Yim pajeloosse  [1e pue ‘pasn ale sjesodsip abequeb ou ‘usjem a|gejod jo ¥ ¥D IM
J9)eA\ SS9201d
suonouny Buipjing ay) o} saldde ypaio syl ind ybnouyy sasn juswdinba Hulj00d ou Jey} sousping
] "9AljelIBU puUe 8sn Jajem s|qejoduou ‘asn %07 :uononpay .
Bunseniey Jejem utes woy Ajlenbs | 510 ases uBisep pue suljeseq Aouednaoo ejenoled asn Jerepm €€d0 Im
JJoUSQ UBD pUB UOIBAISSUOD I9)eM U)IM pajeloosse
salbojouyos) pue salnixiy BuiAIasuOoD Jajem Jo
abuel ||} 8y} ajesodioour ued Buip|ing Jejnpoy "8Aljelleu pue asn Jsjem ajgejoduou ‘esn %0¢ -uononpay Z'eyo IM
Jayem aseo ubisep pue suljeseq ‘Aouednooo ajejnoje) as Jojep M
‘ubisap ays jo uonouny e Ajob.e| ale pue ‘9AljelIBU pUB 8sn Jajem a|qejoduou ‘asn %0 :uononpay . = |
adA} Buipjing 03 oi19ads jou ale sjuswadinbal yIpal) Ja)em ased ubisap pue aulaseq ‘Aouednooo ajenoe) as( Jayep 1€ "0 IM m
‘0}0 ‘sapljediolunw
1soy Ag painquisip Jayem Aaib ‘Bunsaniey U0 m
Jajem ulel wouy Ajlenba jiyouaq ued pue Jajem ‘asn Jayem abemas ased ubisap YosL M
‘ . 121eMB)SEAA ARSI ELT) -n
a|qejod Buisn aysem Buiodsues yum pajeioosse pue auljaseq ‘Aouednoaoo sbBmup ainyxiy Buiquinid SAIBAOLU il
salbojouyos} pue salnixiy BuiAIasuoD Jayem Jo W _ 0
abuel ||} 8y} ajesodioour ued Buip|ing Jejnpo —
as Jaje m
. ‘aAljelseu Bunuoddns N J9IEM 2
ubisep aYs Jo uonoun e Ajabue) e pue ue uolebul Joy palddns Jajem a|qejod-uou |ejo: °I9e10d ON :
adA} Buipjing 0} o10ads jJou aJe sjuswalinbai JIpai) . P mwmw uBiso :_u‘_m._ oudd ﬂw e 19 mﬁo oul m_wm i :Buideospuen ¢l doam o
VML IS8p pue psl|day Jejep) [ejol suljsseq JuBIoYT Jolem lA
‘ubisap ays jo uonouny e Ajobue| aie pue . ‘onyeueu bupioddns %0 Aq sonpey .
pue ‘uonebiu 1oy payddns usjem ajgejod-uou |ejo} Buideospue] L' YD IMN
adA} Buipjing 03 oi19ads jou ale syuswadinbal Jpal) ;
‘WML @sed ubisap pue palddy Jajep) [ejo] aulaseqg JusIoIyg J8)ep)
sanss| Buipjing Jejnpop juswaiinbay |epwqng NIWI|A uonduasaqg ypain

93nsu| Bulpjing Jenpoly - Xijely uoenieAz 431

3uip|ing Je|npoj pue
AdudId1y}3 493BAA

28

The Modular Building Institute

2008 ==

www.modular.org

Rev 1]6.08



MODULAR BUILDING AND THE USGBC’S LEED™ BUILDING RATING SYSTEM

|l
MODULAR

BUILDING INSTITUTE

This page intentionally left blank

29
www.modular.org iz 2008 == The Modular Building Institute Rev1]6.08



MODULAR BUILDING AND THE USGBC’S LEED™ BUILDING RATING SYSTEM

-l
MODULAR

BUILDING INSTITUTE

S|ejo] uoi3d9s ve3g
"Joaloud paye|dwoo ay) Jo peoj |eaL}os|e .
1eak | peol Jo %,Gg Joj Jalddns
AleaA ay) pue | .Eom\_o V93 0} 9suodsal ul paonpal si JIpald $Be} UOBID JO JOPUBA JOMOG USEJS JO SLIEU OPINOIA 1aMod udal9) 94O V3
SIY} J0 }s00 8y "jo8foid Aue o) pajdde aq ueo Jamod usai9)
‘sj0afoid paysiul xa)dwod aiow Joy s| @ uodQ ‘sainsesw
uoneAlasuod ABi1aus pue swajsAs pajwil yum sjosfoid sidwis
Joy s g uondo 'dANdI 8y} Jo g Jo g uondQ Juaiusidwi o} “uerd UOREIYLIBA
ssaubul|im sjualo 8y} pue adueusjuiew pue uonelado Buiobuo ou1 10 Adoo & peoldn pue uond WU & 1UBLBINSES G HOVva
uo joeduw Jiay) ‘108foid pajs|dwod sy} Jo sainjes) Buwnsuod Rt peoian p HAO dANdI tyUos pue juswa. W
AB1aua 8y} jJo ainjeu ay) uo uspuadap sI ABIN Ol10ads
adA} Buip|ing jou aJe sue|d UOIIBDIIISA PUE JUBWAINSES|N
‘syuesablyal
jueldwod aAey jsnw juawdinba QyAH 8yl Jdwaxa aq JuswaBeue
Ued SJ9j009 Jayem Jo siojelablyal se yons juswdinbas |lews ‘suolIpuod [e1oads JI aAlelleu
. , uonessbuey | ¥ ¥O V3 m
pajos|es juelablyal jo adA) ayy pue abieyo juesabuyal ‘ozis pue Aldwoo pasn sjuelablyas Buimoys ayejdwa)
adA} wa)sAs Jo uonouny e si yoiym sasloyo juesabliyal 1oy xapul paoueyuz =
olBWNU 8y} }J@aw jsnw Buluonipuod aoeds Joy pasn juswdinbg m
'Suol}eJapIsuod ﬁ‘w
|e1oads ou aie 818y “Bujuoissiwwo) padueyud g Ipaid .
V3 ue Bujuoissiwwo) [ejuswepun :| ajisinbaiaid auy Lod syisB1 X m>w.~_m_nmw‘_m:vm.Nmﬁwwo_wﬂ._&mm mc_co_wwwMEMLoO YO Vv3a IA
0} yoeoudde |lesano s,108foid sy} o} Joslqns a.e ‘ped uj Jo ASEL XD palt 9 HEAEND X3 psoueyus ?
ajoym ul ‘sjosfoid paysiuly asudwod Jeyy spun Jejnpoy V
‘ul l
PapNjoul s} Jenpow &y} 1o08foid sy o ped e aq Ajuo pasu Ay “Ajonoadsal sjuiod ¢ 10 °Z °|, 1oy 196pNng ABisu3 w
s301Aap Bulpeys se anias os|e ued sjaued Bunesy Jajem Jejos . R
. ABisus Aleak auy Jo %G°ZL 10 %SG, ‘%S T 19syo s|qemausy ¢ dov3 (@]
40 sofejjonotoyd se yons swalsAs “ays Jo / pue Buipiing auy ojul swa)sAs ABiaua ajgemaual Buikjenb jey) aouspia
pajesBajul 8q ued swajsAs ABious sjgemausy -oloads adAy ! 19 Al e piA3 RIS »n
Buip|ing jou aie swaysAs ABisus ajgemausi Jo uonesidde ey U
L
‘sonbjuyosy Ajquiasse m
uo Buipuadap jusidiye >9w:m aq 0} payns [|om Apejnoaned -Buljopow Jendwoo souBWLIOpSY H
8/ sbulpiing JeNpoy “Buipiing seo 8seq 9 xpuaddy 9)deooe Buisn uosuedwod ased ubisap / ased ase ABial nwid b "o v3
002 1'06 IVHHSY Ue jsuiebe paujwisjep ABiaus o }s0d Pl : ; 1S9p / g 18Uz WNwiRdo m
AleaA ay} up uononpal e aAsIyoe Jsnw sjosfoud pajsdwod |y
‘[euonipuod -ueld 1no aseyd apinoid ‘uel\ Juelabuyey .
s| sjueld [esyua) Bunsixa ul Q40 Jo 8sn a8yl ‘meT Ag pasinbay |10 syuessbuyas D40 ash jou saop josfold ayy wuyuoD pauinbay |ejuswepun4 € ‘basaig
‘Buijepow Jeyndwoo peydeooe aouewlousd X
: A A ‘100 :
apo) Aq padinbai Ajlensn ‘osfoid yoes jo pasinbay BIA Y0OZ 106 SYAHSY Ui soUendwod Wuon paiinbay ABuaUg WU Z ‘baiaiyg
. ‘9AljeIBU PUB BPINS) 90UBISeY Buluoissiwwon .
109/01d €® JO pauInbey Jad sysey} x9 padinbai (9) ‘suonesyiienp xo pasnbay |ejuswiepun4 | “baseid
sanssj| Buipjing Jejnpop juswaiinbay jepiwqng N|IN| A uonduasaqg Hpaid

93nyisu| Bulp|ing Jenpojy - Xiijely uonenjeAz a3

3ulp|ing Je|npol, pue

aJaydsowy pue A3usuq]

The Modular Building Institute

2008 ==

www.modular.org

Rev 1]6.08

30



MODULAR BUILDING AND THE USGBC’S LEED™ BUILDING RATING SYSTEM

|l
MODULAR

BUILDING INSTITUTE

This page intentionally left blank

31
www.modular.org iz 2008 == The Modular Building Institute Rev1]6.08



MODULAR BUILDING AND THE USGBC’S LEED™ BUILDING RATING SYSTEM

-l
MODULAR

BUILDING INSTITUTE

'sasn Buiquosap aAleLeN o
"IOM 8y} 'S]S0D [elia}ew PUB JOPUSA ‘92IN0s apnjou| °}S0d Aq s|elajew - asns m:m\o%r Z°€ 4D M
10 suoiJod Jejnpow-uou 8y} ul papnjoul Joafoid 8y} Ul s|elsjew Se [|om se pabenjes 9, pue Q}-z SUOISIAI(] 10} }S09 S|enayew Joafoid [ejol ’ o [BUSIEN
s|eusjew a)is sapnjoul syl 10afoid paysiuy sy} dn axew jey) siayjo o}
pappe aq ueo Josfoid 8y} jo Jusuodwod Buip|ing Jejnpow 8y} Ul s|elayew
pasnail ‘sny] "yosfoid paysiuly ay) Ui papnjoul aJe Jey sjeuayew bulpjing -sasn BUIGUOSSP SARELEN w
19y BWIBYE Jo pasnal jo abejuasiad ay) uo pasiwald ale sypald 8say | 51500 [ELIS}EW PUE JOPUSA ‘801N0S 8pNjoU| 1S09 Aq S|elalew oG :9SNeY [eUSIEN 1€ "D HN V
pabenjes 9, pue Q]-Z SUOISIAIQ J0} }S0D s|eusjew joafoid |ejol =
m
‘A106ayes yuswabeuew a)sem ay) ul juiod uoleAouu e “SMELIEU UE]d 9 Juswabeue m
¥ ﬁa ¥ d up ul am. W \_CD_QDm_m_._ INMD pue spA'no Jo suoy ul sauenb ‘yuabe Buiaiedal ‘sjelsjew w\mw .«:o_ oni wco_>_ 229D "IN V
0} @)nquiu0d ueo sjueld asoy) e saonoeld Juswabeuew a)sem Aiejdwaxa Ji BUIMOUS SB|qE) S1SEM UOIINJISUCO pajojdiod yim siedwey JSEAN UOIONIISUOD -
99s 0} Jue|d Buunioejnuew Buip|ing Je;npow 8y} Je saonoeld juswabeuew
9)sem uoionIsuod aebnsaaul pinoys Buipjing Jejnpow Buisn sjosfoid (2]
ol uon soinGiuGo Sl o Aq BpInG Ierpan 31 Lotonieuco i ‘ongauRl UBld 405 WeweBeug fo
_:M cwc._wmﬁmm.mwc o wm\syco_ oﬁ.E M:omuhow c_wnn_.m _>_m 1 MG wmw «mc_:_m v INMD pue spA'nd Jo suoj ul sefiuenb ‘Jusbe Buialedsl ‘sjeusjew w\%% .gco_ on. wco_\,_ 2 HO N u
ey ¥ Hondy P P sip U} buiieny Buimoys sajqe) sysem uononisuod pajejdwod yym ajejdwa) ISEM UooNASU0D m
Juswabeuey a)sep) UONONIISUOD |°Z HIN NP8 0} Ajaaua 41y} -SUBLWBE JOLIBIUI JOL 7°| pUe |- se swe JouBU| %0G .
ul Jaysuedy Buip|ing Buisixa ayj Jo JOUS}UI O / PUE ||BYS 8Y} Ul paulBjuod ) 19 JOUBIUL 103 ') PUE L) MO S :asnay Bulp|ing ELHOUN 0
s|elajew ay) oLeuads siy) ul 4anemoH Aldde jou op sypaio asayj bulpjing 9US %86 Cc
Bunsixa ayy jo abejooy atenbs ay} 821my 10 %002 Aq Bulp| _:m Bunsixa ‘Aiessaoau J) :osnay mc_v_n__:m_ [AR-IoR-1]] H
[euiBLo sy spasoxa Bulpiing (Jg[npow) mau 8y jo uoikod au} j| “SBUIPING  |5zpe ey & spinoid pue juswaje adojaAus / [BINJNLS YOES JO pasnal - ()
Bunsixa saajoAul Jey) 108foid paysiul e jo Jed 8g UED UOIONJISUOD JBINPOJ Bulaq Se0BUNS 8U3 Aje|Nge] 103l0id SU} JO BINEU SU WIUOD 19US %S, 'L YO MW m
‘sBuipjing Bunsixa anjoaul jeyy syoafoid paysiuly o} Aidde Ajuo sypaio asay ) :asnay Buipjing S
‘welboud BuipAoal |edidlunw ou s| 818y} Ji ‘BAljelieu pue pajoAoal se|qejohoey X
. . . paisinbay 0 UoyoB|I0y | "balaid
JN920 PIN09 10 IN220 ||IM BulpAoal moy ajensni| ysnw Josfoid paysiul ay | s|elsjew ay} ‘seale abeio)s pue uonoa||oo BulpAoal ayeslpu| puE 5681015
sanss| Buip|ing Jejnpoy juswaiinbay [epwgng N|IIN|A uonduasag }pain

9a3nmynsu| Suipjing Jejnpoly - Xujep| uonenjeAz i3

3uip|ing Je|npojy pue
S9OJNOSIY pue S|eliale|,|

2008 == The Modular Building Institute

www.modular.org

Rev 1]6.08

32



MODULAR BUILDING AND THE USGBC’S LEED™ BUILDING RATING SYSTEM

BUILDING INSTITUTE

S|ejo] uonoas UBIN

"1'G 1PRIO HIN Ul S[e1sjew 0S4 8y} 1o}
1Ipa10 axe} ueo Joafoid ay)y a)is Joafoid By} JO SBIW OOG UIYNM WO} SBLIOD
poom DS auy § *(s)Bulpjing pue ays ay} o} paxiye Apusuewlad ale jeyy

*sjusuodwod Jejnpow ayy Buipnjoul Buipjing
paysiul 8y} Jo JoudjuI 10 JOLB)XD ‘BYs Uo Aay} aq ‘pajjesul syonpoid

‘Juawdojanap ays Buipnjoul ‘yosfoid paysiuy sy} ul sjonpold paseq poom | paseq poom 8y} ||e SnjeA Jejjop ay} Aq paulwIs}ap S SIY] 'S82Inos POOAN PaIHeD 1 ¥0 HN
8y} JO || JO }S09 8y} JsuleBe paje|noled s} ‘paedo] aq ued syonpoid paseq | payiuad (DS4H) [1Punod diyspiemals 18404 Woly wod jsnuw Joafoid
POOM DS IO} 82INOS SAI}OBYS }SOD B JBYdym pue pajjejsul Ajusuewlad ayy ul pa||ejsul Ajusuewlad sjonpoid paseq poom ay} JO %05
sjonpold paseq poom Jo Junowe ay} uo juspuadap a|qissod si JpaId 8y
. AIduioo 1ey) sed jonpoud auy Jo 1yBlam ay) uo paseq aie *sieak us} uiyIm Ajnyew o} swod syusuodwod
suone|noje) ‘sjonpold poom ajsodwod Jayjo pue sieauan poomAld ul pasn
. R k asoym s[ensyew Aq pajuasaidal 8q isnw 0} ybnoayy Z suoisiaig SERSEN
SPOOM SWOS pue 0OquEq ‘|00M ‘wnajoul| JO sjusuodwod ‘sjelsjew paseq . 9 dO dN
woJy 109foid By} Ul S[ELSYEW BY} JO SN[EA [BJ0} B} JO %G'Z JO a|gemauay Alpidey
Aos pue pieogjeaym se yons syonpoid ajnjisgns poom paseq Ajjeinynolbe WNWILIW Y 7C DUE L- B OLIES BU1 B SUONEINDIES 5SBA &
)09 apnjoul AjjeaidA} sjuswalinbal Jipalo yym A|dwod jey; sjeusiey MUY "2’ PUe L'S WO u Hemnof qeuL
*UOI}EJDPISUOD Japun
aJe jey) Josfoud B0} 8} Ul S|ELIS}EW By} JO JOPUIEWSI BY} O} PapPE UdY} ‘aAneLeu ayy Aq %02 .
aJe s|eusjew asay] ‘sjulod asay} Joy Ajlienb sjusuodwod Bu papoddns pue ajejdwa} 8y} Ul pa)si| a1 S)S0d |elIdjew pue JOPUsA :s|euajepy [euoibay cSHOHN
yonw moy jybiam Aq suiwialep 0} d|qe aq pue ‘Wed ul Jo 8joym ul ‘spun 8y} | ‘@aunos ay] ajis Josfoid 8y} Jo sajiw 0OG UIYIM painjoejnuew pue
Jo Buunioejnuew ay} uj pasn sjeld)ew sy} Jo 82In0s 8y Ajyuapl 0} a|ge aq passaoold ‘pajoel)xa ale jey} palapisuod [eusjew Bulpling yoes
ysnw Jaljddns jusuodwod Jejnpow ay] a|qibie a1e ayis josfoid ayy jo sajiw ul JybBrem Aq paje|nojes Jusjuod [eLsjew Jo %, B Se paulwialep
00G UIYIM pajqUISSSE pue ‘pajoelixa ‘pajsanley aaq aaey jey sjusuodwod S| s|euajew a|qibid 8y} Jo anjeA 8yl "Q}-g SUOISIAI(] 0} S0 %0l
nq asoy} Ajuo ‘uonippe u| "ays Jo8foid By} JO SBIW OOG UIYIM WOy s|euajew joafoid |ejo} sy} Jsurebe pajyenojed aie sjulod ypald ‘sjeusiep _m:o_momw_ 1'G HO "IN
paseyoind aq }snw Jiun JE|NPoOW 8y} S}PaId 8say} Jo} Ajijenb 0y Japio u| o .
‘Juswdojanap ays
ul umm: s|euajew Buipnoul josfoid vwﬂm_n,_:ou ay) co> paseq aJe suofje|nojes -sAgeLeu oup Aq pepoddns . %02 Zb ¥0 U
ayl ‘suondo Buuoo}y Jayjo pue wnajoul| ‘uonelnsul ‘sipued Bu . Jusjuo) pajohosy
. _ . pue aje|dwa} 8y} Ul pajsi| 8JE S}SOD [elid)}ew PUE JOPUSA ‘92IN0S
1odied ‘sjonpoud |lemAip ‘Buiwely |9s)s abneb Jybi| ‘pieoq puesis psjusiio g
. . Y] 'palaplisuod [eusjew Bulpjing yoes ul jyblem Aq paje|nojed
(sdIS) s|eued pajejnsul [einjonlis e asay} buowy ‘sjuswsalinbal
JUSjUOD pPaJoAdal JBWNSUOD }sod pue Jawnsuodald jo 9, e se
JIpaJo asayy yym Aldwod ued ey paysiuly pue adojgaus Buip|ing ayy N
. paulwILiap si sjelajew a|qibije au} Jo anjeA syl ‘0L-g SUOISIAIQ 10} %01
ul sjesjew sasn Ajjeoidf) Bupiing JENPO "1UBIU00 PaaASRI UM | T b oo ofo.1d fe10; eup JsuUIEBE pareinoeo sie siuiod 1pe - y L'y 40 "IN
s|eus)ew Aq psjussaidal us) NIy} OM} sUOISIAI] Ul Josloid 8y} Ul sjeusjew ¥ 1BLISIEW 108101d [E10} BU3 Isul pajenal julod 3paIy Jusjuo) pajohosy
Y} JO 302 Y} JO %€ 10 %0z Buirey Aq panaiyoe a.e s)paId 9say |
sanss| Buipjing Jejnpoy juswaiinbay jepiwigng uonduosaq npain

3ajnysuj Suip|ing Jenpoy - Xl4jel uonenjeAg 331

Juod) 3ulp|ing Je|npo|.| pue
S92JNOSAY pUE S[elIDIB||

S32UNOSTY ? STIVIMILVIN

33

Rev 1]6.08

The Modular Building Institute

2008 ==

www.modular.org



MODULAR BUILDING AND THE USGBC’S LEED™ BUILDING RATING SYSTEM

-l
MODULAR

BUILDING INSTITUTE

‘Ayjenb Jie Jouayul

poob 0} 8)ngLIUOD Jey} asoy} Ajjeloadsa ‘uoloNIISUOD Jejnpow Ul
pasn s[elajew ||e 0} uoijuaje ou}s alinbal z'¢ pue |°¢ Ipa1d D3|
ynum aoueldwod 4anamoH ‘Ajdde jou op uoionlsuod Jejnpow

ul 8SE2 3y} SI YoIym ‘a)s Jo pajquiasse sjusuodwo) ssasold
uol}ONIISUOD BYIS UO 8y} Jo Med Jo pajjdde a)is aJe jey) s|elsjew o}
a|qeoldde Ajuo ale sypaio ay) ‘piebal jey) ul |qelisap uey) ssa| se
sbBuip|ing Jejnpow YHm UoIjeIo0SSE 8y} BuiwoaIano 0} 8)nquiuod pue
Ayjiienb Je Jousjul poob 0} [eljUSSSa PalapISUOD dJe S}IPald asay |

‘spJepue)s AJl[enp JIy elulojijeD sy} uo paseq aJe sjosfold
S|00Y0S 40} Q33T eInsu| Bny pue Jedied ay) pue
usAa|g Jeydey) [easusalo) ‘spJepuels 1seod Yyinog

8y} Ul Pa)si| S|9AS] JUBUIWEBIUOD PUB DOA UO pased si
suoljeAouay Jofejy pue uoponisuod mMaN 4oy a337

sjonpoid
21quuBy pue poop
ajsodwo) - sjesjely
Bumiwz moT uno4 uondo

swa)sAs
Buriool 4 - sjeusyepy

Bumiwg moT 92y uondo v ¥o 03

sbuneod
pue sjuied - s|eusjepy
Bunywz mo :om| uondo

[SHEEE
pue saAISaypY - S|eUale
Bumiwz mo :euQ uondo

‘ao130e.d paydadde pue spiepuels

DVI d1e|0IA Jey} sjeusiew Buluiejuod jou Aq panaiyoe si aoueldwo)
‘Bunsal Ovy| - om] uondQ Jo INO ysn|4 - suQ uondo Buisn o0afoid
paje|dwod 8y} Ypm 3xajuod ul aoeld Ul paysa} 8q Isnw spun Jejnpojy

*9ouel|dwo9 JO 9OUBPIAS JBYJ0 10
Aanins Bujidwes py| 018 Ino ysnj} ‘yoeosdde aoueldwod wiyuod

Aouednooo

alojag :ueld Juswabeuepy 2¢€4¥003
D3] uonoNAsuoY

‘sjuswalinbai ‘pasojous s| buip|ing ay) @ouo sbujuado pue seoueljus m
11paJo Jayjo ||e yum Ajdwoo 1snw sjoym e se 108foud ayy pue | Buipjing jo 188} Gz uiyum pue Buipjing ayy ul Buijows 3qiyoid pue <
uononJisuod Buunp palinbal ale sis)jly 8 AYIIN 19w SI)PaJd 8y} | uononisuod buunp Umw: sl juaswdinba QYAH Ji s|jUb Jie uinjau e Buung uei umw_w_ﬁmwmmm Ve ¥ 0T o
10 U8l 8y} ainsul 0} sjusuodwod Jejnpow Jo Juswdiys buunp uo s}l 8 AMIIN osn ‘ebewep ainjsiow woyj sjeusiew Buiping OV LORONLSUOD o)
papinoid 89 Jsnw aJed JejiwiS "}PaJld Sy} Jo Jusjul 8y} Bunesw o} paj|elsul pue palo)s 1osjo4d ‘¢ ueldeyD ‘Ge61 ‘UonONIISU0D =
eINqLIUo9 sjue|d BuunioeNUEBW JIUN JBINPOJA Ul SUORIPUOD Pd||0u0) Japun sBuipjing paidnaoQ 1oy saulepIing V| YNIOVIAS 199 =
m
"yooloud paysiuy sy} 4
10 9oue||dwod [[BJ9AO 0} 81NqU0D UBD sjuswalinbal asay} sjeaw '$002-29 AVHHSY Jono 9%0¢ Aq seoeds paidnooo <
1By} DVAH pabesoed yym sjun Jejnpow [BNpIAIPU| “Seale paidnooo Arewud e jo suoz Bulyjesiq sy} ul S8jes UOHE[IJUSA SSEIOU| 24003 V
Auenbas saynyisuod jeym jsuiebe pajen|eAs aq jsnw JIpaid SiyL r
"Josfoud paysiuly sy} m
0 9oueldwo |[eJano 0} 8iNQLIU0D UeD sjuswalinbal asay) sjeaw ‘uolje|jejsul BULIONUO >
Jey) OVYAH pabesoed yym sjun Jejnpow [enpiAlpu| ‘seale paidnooo [pue uonejuswalduwi ‘Jusiul walsAs joidap jey) sbmp pue ‘eanjeseN Kienyja@ a1y J00pINO L4003 r
AleinBas saynisuoo jeym jsuiebe pajen|eas aq jsnw JIpatd sy ”_
"Jow aq os|e }snw sjuswalinbai juswdinba |edjueyos|y <
"aouel|dwod 1oj pamalral a4 isnw subisap paje|dwod Y ‘N 000°0Z '/ J8)dey) “YooqpueH
anoge saoeds 0y IsIxa syuswalinbai paxipy  Ajinpoadsal ‘spuodas suonelddy OVAH €002 IVYHHSY @U} UliM adueplodde ul /€
/"0 PUB BgP G NQIYXd }snw 'Y nd 000‘0Z PUB 'Y "Nd 0000} Usamiaq 10 [8A9] |1 el (N) DY Wwa)sAs [eolueydoaw wnwixew e aAsIyoe
saoeds 'zH 000Z PUe ‘0001 ‘00S Jo saluanbaly pueqpiw a8y} ul 0} seoeds Bulules| 8100 ubisap ‘1o ‘egp Gy JO |9A8] punolbyoeq fiuo spsfoid sj0040g
SPU0DaS Q°() JO SWI} UOIJBIaqIaAal B PUE SSB| 10 BEP G JO [9A8] 8SIOU  [WNWIXEW B 9ASIYE 0} Z00Z-09'ZLS ISNV O d Yybnouy) g sexauue | paiinbay | o4 @337 ul eouewsoped ¢ "baseid
punoiboeq Apeas pajyblom -y Jnoy | WNwixew e uj }nsal jsnw ul ABojopoyjew asn puy ‘GE D1S }9dW ISnW YdIym SMOPUIM 10} [BOSNODY WINWIUIN
199} 21gNd 000‘0 UBY} sS9| Jo saoeds Buluies| 8100 ay} Ul sjeuajew | }deoxa seoeds Bulules| 8109 4oy sbunes O S J0j SpIEpUE)S BWES
8y} Jo sbunes 91 S pauIquIod 8y '}oW 8 }SNW SMOPUIM 10} GE JO 199|\ 'sbunes 91 S pue el SOUBWIOHNSd O1ISN0dY Z00Z
1S padinbal wnwiuiw 8y ‘seoeds Bujuies| 8100 se pasn syun ||e -09°Z 1V ISNV JO sjuswalinbai (1) awi] uonelaqianay 9\
Lo} s|eoB ubisap o13SNOoE [|BJOAO SUj} }98W JSNW UOIONIISUOD JB|NPOJA
‘pasojoud s )l 82uo Jo8foud 8y} Jo .
Jed Aue uj Bupjows sapnoul siy; syoafoid swos u| "j08foid paysiuly suotoinsal paJsinbay |oju0d S13 Z "bausid
. P : ' - ubisap Bupjows syeaw 108foid sy} aje|dwa} eIA UOHEWILUOD :
ay} jo Wed se aysinbasaid siyy ypm Ajldwoo jsnw sjun Jejnpow ay |
spiepuels IYHHSY algeolidde (e ypum Aldwod jsnw sjoym ¥00¢ 29 AVHHSY paiinbay | soueuwoped oI wnwiuw | bassig
e se j09oid paje|dwod sy} pue sjun Jejnpow 8y} Jo DYAH auL yum saldwod 109foid sy} uonewlyuod pue aneseu ubiseq
sanss] Buipjing Jejnpop juswalinbay [epiwgng N|IW| A uonduasag npain

ajnjnsuj Suipjing Je|npoly - XLijely uonenjeAl a3

3uip|ing Je|npoj,

pue Ajiend [BIUSWUOIIAUT JOOPU|

34

The Modular Building Institute

2008 ==

www.modular.org

Rev 1]6.08



MODULAR BUILDING AND THE USGBC’S LEED™ BUILDING RATING SYSTEM

.mW s|ejo] uonoag Ajjenp [ejuswiuonAug
ﬂlm
B | e oo | e o e
&:  [Uonusaad plow By} Slou O} JueLodul S|l PUe JUI 8] ISn psjou w_QMM_o 0q ‘suol _Hcoo _mo | M mc_._:_ ‘_w\ﬂ% 10 M_ Ny SAl WQ uonuaraid oW | 0} ¥0 O3
=: SHpaId 8y ‘SjusWalinbal asay) j98wW ued uoonasuod Jenpopy | P yioq HIPUOD PEO] I8 BUlNP JOMOY 10 AlPILLINY SALE|
@ %09 Ulejulew jeyy swaysAs |jeysul ‘g'L pue |° ‘L°¢ sHpaI) D3 199N

‘sjuswalinbal 88y} 8ABIYOE UBD UOIONISUOD

Jeinpoyy “ubisep wa)sAs [eaiueydaWw poob pue SjusIdILe0d "sjuiod Om} IO BUO IO} /€ PUE ZE

UOISSILISUE.] PUNOS U0 1UapUSOp SWO0ISSE[D UBoMIaq 0} S|9A9] DY dy} 8onpas YO AjeAioadsal sjulod omy Jo 8UO o) EGPSE souBWIOpad 64003
uoISSILISUE.} punos Buionpal o} yoroidde aasusyaIdWos B pue PUE BP0 0} [9A8) 8SI0U pUn0IBXoeq BU} 8onpal pue eYsinbaIald EaRSTaY pRouEUEa
: h P tonpeu o1 y isuey P 8y} Jo} Pa}IO SaWI} UoleIaganal ay} 199\ "Ajuo sjooyds Joy 337
¢ aysinbalald D Jo sjuswalinbal 8y} uo paseq S| }IpPald SiyL
"UOI}BJBPISUOD JBpUN S89EdS |[B J0) Suolje|nd|ed Josfoid |jesano seaue peidnaoo ;
! $90€dS JO %06 10} .
8U} Ui PapNIoUl 89 }SNUI Ing SjuBLIBIIND3. PO Yyim Ajdwico Leo Alenbal ayy ||e Jo %06 10} Sjuswalinbal J1pald Jad SM3IA BpInOId smoy :smaip pue ubykeq | &8 89 03
Sjlun Jejnpoyy siseq wool Ag WooJ B U0 pajend|ed s| JIpaid Siy | ° ; : i ;
*UOI)EJIBPISUOD Japun sadeds ||e 1o} suole|ndjed
109(04d ||BJoA0 BY) Ul papN|oul 89 IShWw pue juswalinbal siy} "juiod [euOlIppPE UE 10} S82EdS J8Y)0 83U} JO %G/ WbAeq sjuiod Bunybiikeq X
}98W UBD S)lun Jejnpojy 'saysiul Jolsjul pue Juswieal) pue | g Jo | Joj saoeds Bulules| 8100 8y} JO %06 ‘%S ./ bliAep Ajaaoay3 :smay pue ybiikeq | +8HO 03
uo[}08|as Mopuim ‘Ajewoab Wool Jo uopouny e S| IpaJd SIy | m
‘uona|dwod joafoud jo Jeak *S9I0UBIOIAP J081I00 uoneslLaA . M
auo ulyyIm Jaumo Buip|ing ayy Aq pajajdwod aq }snw ASAINS SIy L 0} @a16e pue Aanins Aouednooo jsod e Jonpuod pue JoNJIsuoD oo feunsyy | ¢4 8003 o
(@)
‘¥ Jeydeyd ul pauyap 2
"‘aA0qe Z'9 }IpaI) D Ul 9jou 993 .suopipuod ubisaq wnuojejeN [edidA], 198w jsnw swnuojeleN ubiseq :HojwoD [ewudyL | L2 ¥D O3 =
"7002-55 IVHHSY uim Ajdwoo o} swalshs QyAH ubiseg m
Z
ABiauz wnwdQ - auo }pai) ssaydsouw: cmwmmﬁﬂotw% 'seoualojeid pue spesu dnoib w_
3 hdo 1petd ausy W P 3.9 1ns 0} seoeds pa.teys Juednodo-iNw ||e 0} papircid aq }SNW |00
popasu Buijepow ABisue ay) ul peziubooal 8q pue ajoym e se . Aungejionuod . r
A Jeuonippy "sjuswalinbal oo [enplAlpul [0J3U0D O} SUOIIE)S HJOM 2940 03
109(oud By} Yyum pajeulpiood aq jsnw siy] “sjuswalinbai 1osfoid HojwoD [ewlayL [®]
: i ’ . : : |ewJou J1y} ui syuednado Bulp|ing sy} Jo %0G 40} AlljIge||0Ju0d
|les2A0 8y} J9aW Jey} saoeds Jo AIojuaAul 8y} 0} 8)NqLIUOD LIOJLIOD [EULIBY} SeJINbe) SI0YdS 1) TS PUe SN a3 cC
ued syuswalinbai J1paid sy} yum A|dwoa jey) swalsAs j0uo) ; V
. [
. sapow Bunybi| A/v pue uoneulwn||i jesausb —
E.m__>mn siqelene mc_N_E_Eo. 10} MOJ|E S|0A3U0D By} 9SEO aAey }snw uiny Ul saoeds Bujuies| a10) "salbajel)s |oi3uoo Bunyby ANIgel01UOD pue
1s8q 8y} U] "auop Ajises ag ued siy] pajsi| sjuswalinbal [0U00 - 1’980 O3
Buluiwielep ul seoeds Buluies| 109 pue saoeds paidnooo Auenbas ubisaqQ wasAg Bunydry
PuE BupInouIo 84} SASIIIE JSNW SHUN JEINPOJ Ul SUIBISAS Bunybr ‘_Wc.yo pue w\,._“m‘;w_c_Eu,q. U2aM}aq SajEIUBIBYIP m_n.vo;ow Jo} @331
‘00 ‘sua1dod abe
‘sqe| Joj sjuawalinbai Jie 3sneyxa yum Ajdwod oy pasu sjosfold ‘ubisep |0JU0D 0IN0S cuOD
1aybiy Jo sia}|i4 €1 AY3IIN ueldwoo g337 saiinbal SN "269ZL | d/ N [eroads pue sia)i AYIIA ‘sionpoud Aua Bujwayuoo ajejdwa) jJuEIN|jod [edlway Joopul #0 03
uonoas ‘Zl AlQ Ul paiinbai ase syew yo yem jueldwod 337
‘anoge uno4 ybnouy | suQ suondQ ul 8jou 988 “juo sjooyos Jlea pue Buiieg - ww_MMM_\m,_
: : 10} 337 03 salddy "enoge uno4 ybnouay suQ suondQ ul 8jou 98 BunLIZ Mo Xig Londo
'G00¢-1°LX pue G00Z-L "IN YINLIG “O POYIBN
'sapAyap|y pue SQOA Jo suoissiwg Bulnses|y 1o}
'sypaIo 8say} ypm A|dwoo jey} swajsAs pue sjusuodwod |090j0ud Bunsa] Jequey) abieT (ALJ) uonesyuap r¥0 03
ainyuiny yum paddinbe Jo paysiuiny 8q ued ‘spun Jenpow ABojouyos] [elUBWUOIIAUT V4T SN g POYIBIN “Paite) oue m_a_csu_mmwmncm_w_«w_\.ﬂ__
Buipnjour ‘Josfoid paysjdwod oy paxiye Apusuewnad jou s S|00ydg pue ualp|iyd NLAYVNONIIHO -V POUIBIN Bumwsg Mo eI uondo
Jey} BuiyiAue apnjoul jou saop AjjeaidA} uoionssuod Jejnpoy :sBuiysiuiny pue ainjuiny Joy sainpasoud Buiyss)
119y} pue saouabe Buimol|o} 8y} Jo alow JO duo
yum aouerdwod sjdeosoe sjooyos Joy 4337
sanss| buipjing Jejnpop juawaiinbay |epiwgng NIW|A uonduoasaqg ypain

9ayn3psuj Suipjing Jenpoly - XLijelp] uonenjeAs i1

Juod) 3ulp|ing Je|npPo|A|
pue Ajijend) [BIUSWUO.IAUT JO0PpU|

Rev 1]6.08

The Modular Building Institute

2008 ==

www.modular.org



MODULAR BUILDING AND THE USGBC’S LEED™ BUILDING RATING SYSTEM

-l
MODULAR

BUILDING INSTITUTE

s|ejo] jo9load

sjuiod 69 0} ZG winupeld  ‘sjuiod LG 0} 6E PIOD  ‘sjulod ge 0) €€ J9AIIS  ‘Sjuiod Zg 0} 97 PayIMeD
s|ejo uonoas ql

‘(s)Buip|ing / pue ays ‘AJunwiwod ay} jo syoadse j00] Buiyoes|

ubBisap |BJUSLULOIIAUS BY} U0 Paseq WN|noLIND Jo Juapn)s Jad sinoy JOBjuU0D U} JO WNWIUIW B 8Z|jewio V SV [004y0S 8y edoda
. Jeuolssajolid

ojeubisep dy Q337 40 S)edyIHD 8piroid cdodi

PaypaIddyY 3371

uBisaQ ur uoerouul | 'L YO dl
‘s|elajew pue

sanbiuyoa)} uononlisuod uo juapuadap |e ‘Ajijenb Jie Jousjul poob pue sjoijuod pue DYAH ‘BunybiAep
‘Juswabeuew a)sem UOONJISUOD JO Bale ay} ul anJ) Ajenoiped si siy] "ainjeu Ag aAeAouul skem
Auew ui pue juaios si Buipjing Jejnpopy “loyine ayy Aq pasodoud saibojouyos)| pue saibslels ay}
pue sjuswaiinbay ay} ‘yusiu| Ipal1) 8y} Ul paseq pajuswaldwi pue pajiluenb aq 0} 9|qe aq jsnw
JIpaID 8y} 8SeD SIY} U] "S}UaW S} Uo paseq Jpald ubisaq ul uoleAOUU| BY} JILUGNS PUB SAIlBAOUUI
AnJy Buiyidwos asodoud ‘1o ‘}IpaId 10} eSO 8y} Uo paseq aouewlopad Arejdwaxa ysiidwoooe ‘s uBisa@ ur uoneaouu] | Z'L YO Al
1y} ‘JuawiaIoul Ixau ay} Aq UoIIBISPISUOD JBpuN JIPaId 8y} Jo} sjuswalinbal pjoysaiy} ay} puoAaq 09

uBiseq@ ut uoeaouu] | €L ¥O Al

AAVINNNS
pue NOIS3d NI NOILVAONNI

:sAem OM] JO BUO PBABIYOE 8¢ UED sjulod pue s}ipal) uoleAouU| ubisaq ut uogerouy | 1L 89 d

sanssj Buipjing Jejnpopy juawalinbay [epiwqng NI IIW|A uonduosag Jpain

93nynsu] Sulpjing Je|npojy - Xiijepy uonenjeAay a3jd

(337 pue ssad0.d
usisa(] pue uoljeAouu

The Modular Building Institute

2008 ==

www.modular.org

Rev 1]6.08

36



MODULAR BUILDING AND THE USGBC’S LEED™ BUILDING RATING SYSTEM

|l
MODULAR

BUILDING INSTITUTE

This page intentionally left blank

37
www.modular.org iz 2008 == The Modular Building Institute Rev1]6.08



MODULAR BUILDING AND THE USGBC’S LEED™ BUILDING RATING SYSTEM

-l
MODULAR

BUILDING INSTITUTE

References and Resources
www.modular.org

www.usgbc.org
www.buildgreenschools.org
www.bca.org

www.ashrae.org

Wwww.iesna.org
http://eetd.Ibl.gov/Heatlsland/
www.arcsa.org/

www.rmi.org/sitepages/pid287.php

MBI Articles and Resources

Architect leads by example: sustainability issues to

drive acceptance of high-performance, factory-built structures
www.mbinet.org/htmlIPage.aspx?HtmlPageld=454

Small on Size, Big on Green.

Off-site manufacturing is integral part of architect’s eco-friendly designs

www.mbinet.org/htmlIPage.aspx?HtmlPageld=436

Applying Sustainability to Modular Classroom Design
www.mbinet.org/htmlIPage.aspx?HtmlPageld=410

Architecture student’s green school design garners honors
www.mbinet.org/htmlIPage.aspx?HtmlPageld=420

The Crossroads of Modular Classrooms and Sustainable Design
http://www.mbinet.org/htmlPage.aspx?name=CHALLENGE

38

Rev1]6.08 www.modular.org iz 2008 == The Modular Building Institute



MODULAR BUILDING AND THE USGBC’S LEED™ BUILDING RATING SYSTEM

|l
MODULAR

BUILDING INSTITUTE

The Modular Building Institute (MBI) is the only,
international, non-profit trade association representing the
commercial modular construction industry. Founded in
1983, MBI is celebrating its 25 year anniversary in 2008.
For a quarter century, MBI has served the non-residential
modular construction industry in its mission to grow
industry capabilities by encouraging innovation, quality,

and professionalism.

Our regular membership includes wholesale
manufacturers, direct manufacturers, and dealers of
commercial modular buildings, while our associate
members are companies supplying building components,

services, and financing to the industry.

MBI also provides the only industry and annual trade-
show along with the only financial industry report that
surveys the commercial modular construction industry. It
is relied upon by the banking and financial and investment
financial sectors for both projects and forecasting on
commercial modular construction in all its respective

markets.
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Modular Building and the USGBC’s LEED™ Building
Rating System. Written for MBI by Robert Kobet, AIA

Robert J. Kobet, AIA, is president of
Sustainaissance International Inc., a multifaceted
architectural consulting firm specializing in
sustainable design and development and
environmental education. Beginning in 1977, Bob has
specialized in environmentally conscious architecture
and allergy free non toxic design for a variety of
clients evolving a practice with projects in eight
countries on five continents. Projects range from tree
houses in a county park to consulting with the Cultural
Section of the State Department on sustainable
design and development in Argentina.

In addition to his professional practice Bob has
enjoyed a 25 year parallel career in teaching
ending with an appointment as adjunct professor of
Architecture at Carnegie Mellon University School
of Architecture. Along the way he was instrumental
in creating the country’s first Master of Science in
Sustainable Systems at Slippery Rock University, a
degree he now holds.

White paper available from the MBI website at
modular.org.
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Modular Building Institute

944 Glenwood Station Ln. Ste. 204
Charlottesville, VA 22901-1480
888-811-3288

434-296-3361 fax
www.modular.org

Address all inquiries to:
Tom Hardiman
888.811.3288 x 158
tom@maodular.org

All narrative expressed in this paper is written to correlate
modular building practices with the United States Green
Building Council’s (USGBC's) LEED™ Building Rating
System. LEED™ is a trademark of the USGBC and this
paper is in no way intended to express the opinions or
intent of the USGBC. This paper expresses the opinion and
intent of the Modular Building Institute as guideline to the
commercial modular construction industry on best practices
for building in coordination with USBGC's LEED™ Building
Rating System.

@ Printed on 100% post-consumer recycled paper.
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419-636-1194
www.bardhvac.com
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www.triumphmodular.com
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NRB, Inc. Veristeel

115 S. Service Rd. W. 3035 E. Lone Mountain Rd.
Grimsby, ON L3M 4G3 CANADA Suite 1000

888-866-5830 North Las Vegas, NV 89081
www.nrb-inc.com 702-459-5005

www.veristeel.com
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Pac Van, Inc.
Headquarters:

C

2995 S. Harding Street
Indianapolis, IN 46225
800-587-1784

Williams Scotsman
8211 Town Center Drive
Baltimore , MD 21236

800-782-1500
www.willscot.com

www.pacvan.com/modular-buildings.aspx

SKYLINE

Building Systems Inc.

Skyline Building Systems

4500 8 A St., NE

Calgary, AB T2E 4J7 CANADA
866-461-3914
www.skylinebuildingsystems.com

Founded in 1983, the Modular Building Institute is the only, international, non-
profit trade association serving non-residential modular construction. Our regular
membership includes wholesale manufacturers, direct manufacturers, and dealers
of commercial modular buildings, while our associate members are companies
supplying building components, services, and financing to the industry. It is MBI’s
mission to grow the industry and its capabilities by encouraging innovation, quality,

and professionalism through communication, education, and recognition. MBI also

administers an educational foundation. For more information, visit modular.org.
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